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Abstract 
 
While osteoporosis is a major public health concern in the developed world, little research 
regarding factors influencing bone mineral accrual in children has been conducted in 
developing countries. South Africa is of particular interest since the incidence of hip fractures 
in South African Blacks has been reported to be amongst the lowest in the world (32; 253). In 
this thesis, the association of lifestyle factors; in particular physical activity (PA), socio 
economic status (SES) and dietary calcium intakes on the growing skeleton of Black and 
White South African children is investigated. 
 
After using accelerometry to validate a physical activity questionnaire (PAQ), in a 
convenience  sample of South African Black, White, male and female children (n=30), fitness 
levels were assessed in a larger group (n=69) of similarly aged children, stratified by race and 
gender. Fittest subjects had significantly greater physical activity scores (p=0.022) as reported 
on the PAQ, lower body mass index’s (BMI) (p=0.001) and least percentage body fat 
(p=0.001) (as assessed using Dual Energy X-ray Absorptiometry (DXA), than least fit 
subjects. White males who reported to be significantly more active than all other groups on 
the PAQ were significantly fitter (p<0.001) than White females and Black males and females.  
 
The next study sought to determine whether differences observed in  physical activity levels 
between groups showed an association with bone mineral content (BMC), density (BMD) and 
area (BA) (as assessed using DXA). PA was analyzed in terms of a metabolic (METPA; 
weighted metabolic score of intensity, frequency, and duration) and a mechanical (MECHPA; 
sum of all ground reaction forces multiplied by duration) component for 386 children aged 9.5 
(0.04) years recruited from a longitudinal birth cohort study. White children expended a 
significantly greater energy score (METPA of 21.7 (2.9)) than Black children (METPA of 9.5 
(0.5), p< 0.001). When children were divided into quartiles according to the amount and 
 xv 
 
intensity of sport played, the most active White children had significantly higher (p<0.05) 
whole body BMD and higher hip and spine BMC and BMD after adjustment for body size 
than less active children. White children in the highest MECHPA quartile also showed 
significantly higher (p<0.05) whole body, hip, and spine BMC and BMD after adjustment for 
body size than those children in the lowest quartile. No association between PA and bone 
mass of Black children was found. No significant differences between METPA and 
MECHPA quartiles and BA were observed for any group.  
 
Given the disparate backgrounds from which many South African children come, the next 
study sought to determine whether differences in socio-economic status between Black and 
White South African children influence PA patterns. This study explored the relationship 
between socio-economic status, PA anthropometric and body composition (via DXA) 
variables in 381 children aged (9.5 (0.04) years) recruited from a longitudinal birth cohort 
study . Children falling into the highest socio-economic status quartile had mothers with the 
highest educational levels, generally came from dual parent homes, were most physically 
active, watched less television, weighed more and had greater lean tissue than children in 
lower socio-economic quartiles (p<0.001). Significantly greater levels of lean mass (p<0.001) 
with increased activity level were observed after controlling for television watching time and 
fat mass. There were high levels of low physical activity and high television watching time 
among lower socio-economic status groups. White children were found to be more active than 
Black children, more likely to be offered physical education and to participate in physical 
education classes at school and watched less television than Black children.   
 
The final study sought to investigate the association between habitual PA patterns and dietary 
calcium intakes with bone mass acquisition over a one year period in 321 pre-pubertal South 
African children recruited from a longitudinal birth cohort study. Data were analyzed by 
regressing change in BMC and BA from age nine to ten years, against BA (for BMC), height 
 xvi 
 
and body weight. The residuals were saved and called residualized BMCGAIN and BAGAIN. 
Residualized values provide a good indication of weight, height and BA-matched 
accumulation rates. White children had significantly higher PA levels and calcium intakes 
than Black children. Most active White males had significantly higher residualized 
BMCGAIN and BAGAIN at the whole body, hip and spine but not at the radius, than those 
who were less active. Most active White females had significantly higher residualized 
BAGAIN at all sites except the radius than less-active girls. No such effects were seen in 
Black children. There was no interactive effect on residualized BMCGAIN or BAGAIN for 
calcium intake and PA in boys or Black girls, but an interactive and possible synergistic effect 
of calcium and physical activity was observed at the spine, radius and hip in White girls. In 
this population, PA has an osteogenic association with White children, but not Black children, 
which may be explained by the lower levels of PA in the Black children. Despite this, Black 
children had significantly greater bone mass at the hip and spine (girls only) (p< 0.001) even 
after adjustment for body size.  
 
In conclusion, differences between White and Black children’s PA levels were observed, with 
White children reporting higher PA levels and exhibiting higher fitness levels than Black 
children. Physical fitness correlated well with self reported physical activity levels on the 
PAQ and objectively measured body composition. Socio-economic status differences between 
White and Black children are highly related to differences in physical activity patterns and 
body composition profiles. Bone mass and area gain is accentuated in pre- and early-pubertal 
children with highest levels of habitual physical activity. Limited evidence of an effect of 
dietary calcium intakes on bone mass in boys and Black girls was found. The role of exercise 
in increasing bone mass may become increasingly critical as a protective mechanism against 
osteoporosis in both South African race groups, especially because the genetic benefit 
exhibited by Black children to higher bone mass may be weakened with time, as 
environmental influences become stronger. 
 xvii 
 
Operational Definition of Terms 
 
g: Grams 
cm: Centimetre 
BMC: Bone mineral content (g) 
BA: Bone area (cm2) 
BMD: Bone mineral density. Bone density refers to areal bone density (g/cm2) throughout the 
thesis 
DXA: Dual energy X-ray absorptiometry 
pQCT: peripheral Quantitative Computed Tomography 
PBM: Peak bone mass 
Physical Activity (PA): Any bodily movement resulting in energy expenditure above the 
basal level. PA can bee seen as an umbrella term for human behaviour with multiple 
dimensions and sub categories such as exercise, sport, leisure activities, dance and 
transportation (30; 38; 266). 
Physical Fitness: A set of attributes that individuals possess or achieve that relates to their 
ability to perform physical activities (52). 
PAQ: Physical activity questionnaire 
Race0F1: The term race attempts to distinguish one 119Hpopulation or 120Hgroup of people from another. 
The most widely used human racial categories are based on visible 121Htraits (especially 122Hskin 
color, 123Hfacial features and hair texture), 124Hgenes, and self-identification (19). Throughout the 
thesis, ‘Black’ and ‘White’ are capitalised as has been suggested by Bhopal (2004) (26).  
 
                                                   
1 The word ‘race’ is used throughout the thesis and “…does not refer to any biological attributes but rather to the 
compulsory classification of people into the Population Registration Act” (21). Although the act has been 
repealed, these categories are still powerful and commonly used by the South African government and statistical 
services. 
 
 xviii 
 
Ethnicity: An ethnic group is referred to a 125Hpopulation of 126Hhumans whose 127Hmembers identify 
with each other, usually on the basis of a presumed common 128Hgenealogy or 129Hancestry. Ethnic 
groups are also usually united by certain common 130Hcultural, 131Hbehavioural, 132Hlinguistic and 
133Hritualistic or 134Hreligious traits (26; 270). 
Socio-economic Status (SES): SES is typically a composite of measures such as occupation, 
education, income, type of residence, and access to certain amenities in the home (e.g., 
telephone, TV, motor car). For the purpose of this thesis, children’s SES is regarded as that of 
their parents/caregivers.  
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Chapter 1: The Problem 
____________________________________________________________________ 
 
This chapter presents an introductory overview and foundation to the thesis, a brief literature 
review is provided, as well as the justification and study aims.  
 
1.1 Introduction 
 
Osteoporosis is a disease characterised by a low bone density and deterioration of the 
structural quality of bone, leading to weakness and fragility, which results in an increased risk 
of fracture (137). Common sites for fracture are the thoracic and lumbar spine, femoral neck, 
distal radius, pelvis and humerus. Our understanding of the factors responsible for bone 
fractures in older adults is restricted by our limited knowledge regarding bone mineral 
acquisition during childhood and adolescence. A thorough understanding of the endogenous 
and exogenous factors associated with bone gain has implications for preventative health 
measures, since maximizing peak bone mass (PBM) protects against a later osteoporosis risk 
(48).  
 
The morbidity and mortality, and their associated costs accompanying minimal trauma 
fractures have made osteoporosis a major public health problem in the developed world. 
Prevention and risk identification of this disease remain the most desirable way of managing 
it. It is suggested that maximizing the attainment of PBM during skeletal maturation is the 
best protection against a later risk of developing osteoporosis and a subsequent higher risk of 
fractures (131). Preventative strategies against osteoporosis must therefore capitalise on both 
the maximization of PBM, as well as the retardation of later loss of bone (139).  
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If age-adjusted incidence rates for hip fracture remain stable, the estimated number of hip 
fractures worldwide per year will rise from 1.7 million in 1990 to 6.3 million in 2050 (250). 
The extrapolated prevalence of osteoporosis and related conditions in South Africa in 2005 
according to the US Census Bureau was 2,941,442 (±7% of the population) (296). The 
situation however is quite unique, in that South African Blacks have among the lowest hip 
fracture rate in the world. The age-adjusted hip fracture incidence is 50% lower in African 
American women than in Caucasian women (32) and what limited information there is, 
suggests that South African Blacks also have markedly lower hip fracture rates than South 
African White adults (253; 274). Very few of the factors influencing osteoporosis have been 
well studied between race groups. As lifestyle and dietary patterns change with urbanisation 
and there is a shift towards westernised diets and sedentary behaviour, fractures in elderly 
South African Blacks may become more prevalent. With these rapid lifestyle changes, it will 
become increasingly important to prioritise osteoporosis and its related conditions as a major 
public health concern in South Africa. 
 
1.2 The Assessment of Bone Strength and Risk of Fracture 
 
Fractures, occurring as a result of osteoporosis are events which can be measured. However, 
bone strength and the risk of fracture are not as easily established. The strength of bone is 
influenced by bone geometry, trabecular architecture, micro fractures and bone density. Of 
these characteristics, areal bone density (BMD) is the most easily measured and accounts for 
60 to 80% of the variance in the ultimate strength of bone (65; 104; 239). BMD is therefore 
used as a surrogate measure of fracture risk and rate of bone loss in adults.  
 
Several techniques, including Dual X-ray Absorptiometry (DXA) (43), quantitative computed 
tomography (QCT), peripheral quantitative computed tomography (pQCT) (108), micro 
quantitative computerised tomography (µQCT), ultrasound (188) and magnetic resonance 
 4 
 
imaging (MRI) (322) have been used to assess bone geometry in humans and animals. The 
DXA technique has been widely used and is an acceptable method for assessing bone mass in 
children both for clinical and research purposes. This is chiefly due to DXA’s high speed, 
precision, availability and low radiation exposure (94). DXA measurements are limited 
however because they do not measure volumetric bone density. By convention bone density 
measures are reported as bone mineral content (g) (BMC), area (cm) (BA) or areal BMD 
(g/cm2). Areal bone density is however are highly influenced by body size and as a result 
DXA may overestimate bone mass in larger children and underestimate it in smaller children 
(14; 195). These are important considerations for bone mass research, particularly in children 
of different sizes. The World Health Organisation panel has used bone density to categorise 
osteoporosis in White postmenopausal women. Normal bone density as measured by DXA is 
defined as 1 standard deviation (SD) of the young adult reference mean (age 20 to 45 years); 
low bone density (osteopenia) is defined as -1 to -2.5 SDs below the young adult reference 
mean; and osteoporosis below -2.5 SD. Severe or established osteoporosis is defined as bone 
density below -2.5 SD in the presence of a fracture (323). It is estimated that a decrease in 
bone density of -1 SD is associated with a 1.5 to 2.5 fold increased risk of fracture. 
 
Recent technological advances have seen the introduction and use of QCT allowing for the 
discrimination between trabecular and cortical components of bone and giving precise cross 
sectional information on the geometry of the bone (108). The use of QCT has helped 
circumvent the measurement artefacts of DXA by measuring volumetric BMD. On the other 
hand QCT exposes children to a higher dosage of radiation than DXA and published 
paediatric normative values for QCT are still limited at this stage (195). The use of pQCT is 
children is a promising prospect in future studies as the smaller gantry sizes of the device 
offer decreased radiation exposures with effective does similar to that of DXA. 
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1.3 The Importance of Peak Bone Mass 
 
According to general engineering principles, the strength of a structure varies according to the 
square of its structural density (113). Bones of lower density will therefore break more easily. 
Peak Bone Mass (PBM) achieved by the third decade of life has been established as an 
important determinant of the lifetime risk of osteoporosis (13). The peak level of bone 
attained during skeletal growth and the subsequent rate of bone loss determines the bone mass 
of any person at any stage in adult life (57). Fehily et al. (1992) states:  
 
“the greater the PBM, the longer the period of bone loss that is required before the 
fracture threshold is reached” ((75), pg579).  
 
Our lack of understanding regarding bone mineral acquisition during childhood and 
adolescence limits our knowledge with regards to bone mineral loss and skeletal fragility in 
older adults (16). Recognition of the importance of attaining PBM has led to a proliferation of 
paediatric bone studies. Studies have suggested that a low PBM may be a more important 
contributor to osteoporosis than rapid loss of bone during ageing (117).  
 
A human foetus at full term contains 21g (range 13-33g) of calcium, which rises to 
approximately 1000g in the typical adult (95). Calcium accumulation is particularly intense 
during puberty (95), while approximately 500g (in women) is lost during ageing. Therefore 
the amount of calcium gained during growth is greater and more rapid than the amount lost 
during ageing. These findings suggest that PBM may be a more important contributor than 
bone loss, to the risk of osteoporosis later in life. Nevertheless several aspects of bone mineral 
acquisition during childhood and adolescence remain controversial (14).  
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The timing of the precise realization of PBM is disputed (10), although the childhood and 
adolescent periods have been identified as the most critical for skeletal mineralization (57). 
PBM is largely achieved at the end of the second decade of life (108), a few years after the 
fusion of the long bone epiphyses (195). There are number of factors influencing the 
attainment of PBM. Factors influencing peak bone mass accrual may be divided into those 
that may be modified, and those that may not. 
 
1.4 Environmental Influences on Bone Mass 
 
Among the many risk factors for osteoporosis, lack of physical activity may play an important 
role. Evidence that physical activity may be an effective strategy for the prevention of 
osteoporosis has been inferred from cross-sectional investigations of retired athletes, showing 
increased bone mass in those with a history of childhood weight bearing physical activity (18; 
23; 173). Disuse and weightlessness of a limb are well known causes of considerable loss of 
bone mineral. Results from both rodents and humans after returning from space flight show 
that bone is lost at different rates from different sites of the skeleton (303). Conversely, bone 
mineral density in physically active people has been shown to be significantly higher than in 
age-matched non-active controls (271). Physical activity (PA) is increasingly being suggested 
as an adjunct therapy in the prevention and treatment of osteoporosis, particularly as it relates 
to postural stability and the subsequent prevention of falls (141). Bone consolidation may also 
be augmented by greater habitual physical activity.  
 
A number of studies have shown mechanical loading to be the strongest modifiable factor to 
influence BMD (117; 139; 156). Weight bearing physical activity is an adjustable determinant 
of PBM accrual and is therefore targeted as an important area of research (130). The 
assessment and promotion of childhood physical activity is consequently advocated as one of 
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the most effective strategies for enhancing peak bone mass during childhood, thereby 
developing a stronger skeletal foundation in order to counterbalance age-related bone loss.  
 
Physical activity is also essential in order to combat the growing obesity epidemic. Early 
lifestyle habits of physical activity should be established so that they can be sustained into 
adolescence and adulthood. There have been few studies that address habitual loading 
activities in healthy children and adolescents. Most studies relating to childhood physical 
activity and bone mass have been undertaken in elite sporting populations rather than the 
normal paediatric population and the results of these studies are therefore not applicable to 
normally active children (130). Cross-sectional studies generally report a positive association 
with mechanical loading and higher bone mineral densities, yet the long term effects of 
physical activity on bone mineral accretion in healthy paediatric populations are not fully 
understood (130).  
 
Habitual physical activity behaviours and patterns are influenced by a number of external 
factors. These factors in turn have an impact on bone mass acquisition whether it is directly or 
through the effect they exert on physical activity patterns. Although we may commonly 
assume that physical activity is a normal part of childhood, a number of studies in developing 
countries have shown that children and adolescents are often very inactive (114; 287). In 
recent years, Western developed countries have positioned the promotion of physical activity 
in childhood and adolescence high on their agenda (294; 318) . Developing countries however 
have not paid as much attention to this problem. In South Africa in particular, very little 
research has focused on physical activity patterns.  
 
Socio-economic status (SES) has been identified as an important factor influencing physical 
activity participation (55). The current social and economic situation of South African 
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children and how this relates to children’s physical activity patterns have not been examined. 
It is well known that children that come from low income families often have limited access 
to resources supporting physical activity (248). It has been found that habitual  PA in 
childhood is related to maternal education levels (149). Studies have shown that the family 
has an important role to play with regards to a child’s quantity of exercise through creating 
access to facilities and encouragement of team and sport class participation (193). Many 
physical educators and scientists believe children of active parents tended to more active 
themselves (84; 189). The influence of demographic factors such as gender, race and SES 
provide us with information on variations in physical activity levels and allow for the design 
and implementation of appropriate programs for different sub groups (248).   
 
For many years the consumption of calcium in the diet has been linked to better bone health. 
Yet, there is little empirical evidence to show that this is the case. Recommended dietary 
intakes of calcium in developed countries such as the United Kingdom, Australia and the 
United States range between 350-800mg per day for children (228).  In South Africa, the 
recommended daily intake of calcium for children is 500 mg per day. In a national food 
consumption survey conducted in 1999, less that 50% of South African children met this 
requirement (150). The justification to implement such recommended intakes in developed 
countries was to encourage a match between calcium intake and ‘requirements’ in order to 
curb the high rate of osteoporosis in later life (153). This might not be appropriate in South 
Africa, where Black South Africans have among the lowest fracture rates in the world (253; 
274) .  
 
1.5 Statement of Purpose  
 
Definitive answers to questions relating to bone mineral accrual, mechanical loading and 
other physical activity patterns in normal South African children are required. No study 
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comparing habitual physical activity levels and their impact on bone mass has been 
undertaken on normal Black children compared to a geographically and age matched sample 
of White children living in South Africa. 
 
Broadly, the purposes of the studies conducted for this thesis are: 
• To develop a valid and reliable physical activity questionnaire (PAQ) for assessment 
of physical activity patterns in large numbers of South African children 
• To determine whether there are racial differences in physical activity patterns and 
fitness levels in South African children 
• To specifically explore the relationship between habitual physical activities, socio-
economic status, dietary calcium intakes and bone mass status in pre and early 
pubertal South African Black and White children.  
 
The information and knowledge gathered from these observational studies will provide new 
information on South African children living in an emerging economy regarding their 
physical activity patterns, SES and bone mass status. The majority of the data gathered for 
this thesis is based on observations made on a group of children involved in a longitudinal 
study. The findings from these data will contribute to the scientific literature and enable 
realistic conclusions regarding children living in post apartheid South Africa to be drawn up. 
Applicable and tailor made interventions and child health policy decisions affecting physical 
activity and bone health can be based on these conclusions. 
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Chapter 2: Literature Review I 
____________________________________________________________________ 
 
This chapter explores the anatomy and physiology of bone, discusses measurement techniques 
used to determine bone mass, the concept of peak bone mass, as well as non-modifiable 
influences on bone mass acquisition during childhood. The review concludes with an 
introduction to the modifiable factors which may influence bone mass acquisition during 
childhood and these are expanded upon in Chapter three.  
 
2.1 Introduction 
 
Physical activity has been reported as the most pronounced lifestyle determinant of peak bone 
mass in children and adolescents (57). Over the course of the following two chapters (chapters 
two and three), this review aims to explore, in some depth the nature of the relationships 
between physical activities, lifestyle factors such as nutrition (specifically dietary calcium 
intake), socio-economic status, and bone mass acquisition in South African children. Pertinent 
research linking these associations will be examined and discussed. Methods used in past 
studies are described, and findings of these studies are highlighted. A critical review of the 
contemporary literature regarding physical activity, lifestyle factors and bone mass acquisition 
follows in chapter three.  
 
The literature review for this thesis is divided into two chapters. This chapter (Chapter Two) 
will focus mainly on bone mass acquisition and the non-modifiable factors which play a role 
in skeletal development. The chapter will conclude with a brief overview of the modifiable 
influences on bone mass acquisition. Chapter three consists of an in depth focus and review 
on physical activity in children. Factors influencing physical activity patterns in children will 
also be examined. In particular, Chapter Three examines the role of physical activity and 
exercise with regards to bone mass in children.  
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2.2 Overview of the Anatomy and Physiology of Bone 
 
2.2.1 Bone Histology 
 
Anatomically, the skeleton can be divided into two parts: i) axial skeleton (vertebra, pelvis, 
skull, scapula-predominantly flat bones) and ii) appendicular skeleton (long bones of the arms 
and legs). Each long bone consists of two wider extremities called epiphyses, a cylindrical 
shaft (diaphysis) and a zone in between them (the metaphysis), both of which undergo 
modeling of the bone during growth and development. In a long bone that is growing, the 
epiphysis and metaphysis are separated by a layer of cartilage (epiphyseal cartilage or the 
growth plate). This layer of proliferative cartilage cells and expanding matrix is responsible 
for the longitudinal growth of bones.  
 
Five types of bone cells regulate bone metabolism by responding to various environmental, 
chemical, mechanical, electric and magnetic stimuli. These include osteoprogenitor cells; 
osteoblasts; osteocytes; osteoclasts and bone lining cells. The differentiation of mesenchymal 
cells into osteoprogenitor cells and the eventual calcification of cartilage and bone matrix 
result in bone development (295). Osteoprogenitor cells occur in the endosteum, the inner 
surface of the periosteum and within the bone’s medullary cavity and remain capable of 
mitosis. Osteoprogenitor cells are therefore stem cells that can divide and differentiate to 
produce osteoblasts. 
 
Osteoblasts are bone-lining cells responsible for the production of bone matrix (collagen and 
ground substance). They are found in clusters of about 100-400 cells per bone forming site. 
The structure of the osteoblast (round distal nucleus and prominent golgi complex) allows the 
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cell to synthesize various proteins. Osteoblasts produce a layer of bone matrix called osteoid. 
Calcification of the osteoid layer begins about 10 days after its production. The plasma 
membrane of the osteoblast is rich in alkaline phosphatase (serum concentrations can be used 
a marker of bone formation), and has receptors for parathyroid hormone (PTH), among other 
hormones. PTH has a mediatory effect on amino acid transport, stimulates cyclic adenosine 
monophosphate (cAMP), and regulates collagen synthesis and binds to specific receptors 
(158). Osteoblast function is controlled by endo-, para- and autocrine factors. Osteoblasts also 
express steroid receptors for oestrogens and 1,25-dihydroxyvitamin D in their nuclei. 
Towards the end of an osteoblast’s secreting period it becomes either a flat lining cell or an 
osteocyte.  
 
Osteocytes are mature bone cells implanted in osteocytic lacunae. Osteocytes have long 
interconnecting processes, which permit them to form a complex network throughout the bone 
matrix (20). This organization enables the osteocytes to provide a means of communication 
required in the process of mechanotransduction. The role of osteocytes is thought to be 
responsibility for the detection of stresses in bone and control of the movement of ions in and 
out of the matrix. Osteocytes are phagocytized and digested with other components of bone 
during osteoclastic resorption. More than 90% of the bone cells in the mature human skeleton 
are osteocytes. 
 
Osteoclasts are the cells responsible for bone resorption. They are giant, multinucleated (2-4 
nuclei) cells, usually found in contact with a calcified bone surface and within a lacuna. On 
microscopy, a ruffled border and a ring of contractile proteins characterize osteoclasts. The 
integrin ring attaches the osteoclast to the bone surface and creates a sub-osteoclastic bone 
resorbing compartment. Synthesis and release of lysosomal enzymes and H+ ions into the 
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bone-resorbing compartment occur. An acid environment is created, which dissolves the 
mineral and the secreted enzymes break down the demineralised collagen matrix.  
 
2.2.2 Cortical and Cancellous Bone 
 
Bone tissue may be divided into woven and lamellar bone. Woven bone (immature bone) 
consists of randomly arranged collagen in contrast to the uniform structure of lamellar bone. 
At birth, woven bone makes up all of the bone in the body, but is only found at sites of 
fracture healing in later years, or in response to mechanical loading, or under such states as 
Pagets disease. By the age of four years most of the woven bone has been replaced by 
lamellar bone consisting of collagen fibres arranged in the direction of lines of force enabling 
cortical bone to have anisotropic properties. Both woven and lamellar bone can be organized 
into compartments as either cortical (compact) or cancellous (trabecular) bone. 
 
Calcified tissue comprises the external part of bone (cortex/compact bone). The cortex 
becomes progressively thinner towards the metaphysis and epiphysis where the internal 
spaces are filled with a network of thin calcified trabeculae (cancellous /spongy/ trabecullar 
bone). Maze like arrangements of horizontal and vertical interconnected plates ensure 
mechanical strength. Bone loss occurs more rapidly in this type of bone thereby increasing its 
vulnerability to fractures. Haematopoietic bone marrow fills the spaces enclosed by the 
trabeculae and is in continuity with the medullary cavity of the diaphysis. Articular cartilage, 
which does not calcify, covers the bone surfaces of the epiphyses (20; 137).  
 
An important difference between cortical and trabecular bone is the way the bone matrix and 
cellular elements are arranged, resulting in different function. Approximately 80-90% of 
cortical bone volume is made up of mineralised bone. This is in comparison to only 15-25% 
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of trabecular bone volume. Trabecular arrangement allows bone marrow, blood vessels and 
connective tissue to be in contact with the endosteum, which has an active metabolic role. The 
main functions of cortical bone are for structure and protection. The two surfaces of cortical 
bone (endosteum and periosteum) are lined with osteogenic cells organized in layers.  
Endosteal cells are metabolically active and are involved in bone formation and resorption. 
The cambium layer of the periosteum contributes to appositional bone growth during bone 
development.  
 
2.2.3 Bone Modeling and Remodeling 
 
Bone modeling is an organized event that allows for bone growth and adjusts bone strength 
primarily through the action of periosteal osteoblasts depositing new bone on an extended 
surface area, without being interruption by osteoclasts (222). In general, modeling adds mass 
to the bone and refers to changes in the shape of the bone, while remodeling refers to an 
organized bone cell activity involving the basic multicellular unit (BMU). Remodeling 
replaces damaged or old tissue with an equal amount of new bone (80).In the first years of 
life, the removal and replacement of bone occurs at a rapid rate. Later on, in childhood, the 
rate of bone turnover slows down to 10% of the amount in the first year, and either stays at 
the same rate or decreases throughout life (250). Bone formation during childhood and 
adolescence mostly results from bone modeling, although bone remodeling continues in the 
background. Once bone growth ceases in early adulthood, an equal amount of bone is 
resorbed and replaced, so bone mass neither increases nor decreases, and bone shape remains 
much the same. During old age, the rate of remodeling increases and results in bone loss as 
osteoclasts remove more bone than osteoblasts replace.  
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2.2.3.1 Bone modeling transient 
 
During bone remodeling, some BMU’s are in the resorption phase, while others are in the 
formation phase. The bone remodeling transient is a temporary change in the balance between 
bone formation and bone resorption, brought about by any factor that affects bone remodeling 
(111). The remodeling space is the space where temporary loss of bone is occurring (±2% of 
the skeleton in adults). This bone is either temporarily absent or undermineralised and is not 
able to be measured using DXA. Therefore the greater the number of remodeling sites, the 
greater the underestimation of strength and bone mass by DXA. The importance of this 
phenomenon is often missed in intervention studies (80). Calcium for example inhibits bone 
resorption, thus during a calcium intervention study, there would be fewer remodeling spaces 
in the skeleton of subjects on higher calcium intakes. Thus as long as the new calcium intake 
is maintained, there would be an increased BMC. When the calcium intervention is stopped 
however, the bone resorption rate would increase again and result in a transient decrease in 
the amount of measured mineral (80). In order to determine the consistent effect of an 
intervention, factoring in the component of the change due to the transient out of the total 
bone response is required. Altering calcium intakes will always induce a remodeling transient, 
since calcium intake influences PTH secretion and PTH is the primary regulator of bone 
remodeling activity (111). These factors need to be taken into account in intervention studies 
and in studies which involve agents that reduce bone resorption (e.g. calcium, 
bisphosphonates or hormone replacement therapy (in postmenopausal women)) (110). 
 
2.3 Measurement of Bone Mass 
 
The pattern of skeletal growth during childhood and adolescence has been extensively studied 
using various techniques. The most debated issue in paediatric bone research centres on 
finding the most accurate technique for determining bone mineral status. The DXA technique 
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(introduced in the late 1980’s) has been widely used and accepted as a preferred method for 
assessing bone mass in children both for clinical and research purposes. DXA instrumentation 
is currently more widely available in South Africa than other instrumentation used for 
measuring bone mass, and was used for all bone mass measurements conducted for this thesis.  
 
The speed, precision, availability, low radiation exposure and ability of DXA to provide data 
regarding soft tissue composition as well as bone mineral has made it a popular method to 
assess bone mass (94). The accuracy of DXA measurements has been shown by studies which 
have examined the correlation between the DXA specified BMC value and ashed content of 
cadaver specimens (118; 159; 175). DXA also permits assessment of the whole body bone 
mass and bone mass at other important sites such as the lumbar spine, femoral neck and 
radius. DXA does not provide a separate measure of cortical and trabecular BMC, but rather a 
combination of both. By convention bone mass is reported as BMC (g) or areal BMD (g/cm2). 
Expressing BMC per unit area provides a partial correction for bone size. BMD however is 
highly influenced by size and as a result DXA may overestimate bone density in larger 
children and underestimate it in smaller children (14; 195). Adjustment for body size is 
therefore important. DXA is unable to measure the depth of the bone and therefore a bone 
with a greater depth will be reported as being denser. The bone does not actually have a 
greater amount of bone within the periosteum; it is simply a larger bone (262). Figure 2.1 
provides an example of the problem. If two bones, made of the same material but of differing 
sizes, are measured by DXA, the larger one will be measured to have a greater BMD than the 
smaller one, even though they have the same material volumetric density (137).  
Longitudinal studies in adults making use of DXA measurements of BMD are useful since 
serial measurements in the same individual will reflect changes in bone mass, since size and 
shape of the bone are unlikely to change significantly over time in adults. However, the size 
and shape of bone varies considerably in children and adolescents, making it difficult to 
attribute changes in BMD to an increase in size, mass or density. Volumetric bone density is 
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useful for comparing children of different sizes because it adjusts BMC for overall bone 
volume. 
Volumetric BMD
(g/cm3)
BMC
(g)
Bone area 1 cm2 4cm2
(cm2)
Areal BMD
(g/cm2)
1 g/cm2 2 g/cm2
1 g/cm3 1 g/cm3
1 gram 8 grams
Block A Block B
1 cm 2 cm
 
Figure 2.1 Schematic illustration showing the effect of bone size on BMD. Areal BMD measured by DXA is 
size dependant. The BMD of the larger bone cube (as measured by DXA) is double the value in the smaller 
bone, despite having the same vBMD. Source: Adapted from Khan et al. (2001), (137). 
 
Recent technological advances have seen the introduction and use of QCT, which allows for 
discrimination between trabecular and cortical components of bone and gives precise cross 
sectional information on the geometry of the bone (108). QCT has not been widely used on 
the femoral neck site due to its complex geometry (137). The peripheral QCT (pQCT) scanner 
is a smaller more portable version of a QCT machine, and it is built specifically to measure 
density of the peripheral skeleton. Volumetric bone density can be used as an indicator of the 
bone’s structural stiffness/strength. Avoiding the measurement artefacts of DXA by 
measuring volumetric density (g/cm3) directly is made possible with the use of the pQCT. On 
the other hand pQCT exposes children to a higher dosage of radiation than DXA (94), which 
is an important consideration in longitudinal studies or any study where repeat measurements 
need to be made on a child for serial comparison. Additionally published paediatric normative 
values for pQCT are still limited at this stage (195).  
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2.4 Peak Bone Mass  
 
As highlighted in Chapter One, maximizing the attainment of PBM at the end of the growing 
years provides the best protection against a later risk of osteoporosis and a subsequent higher 
risk of fractures (14). Many studies have concluded that bone density reaches its peak by the 
age of 20 years (133; 145; 243; 269; 283), but there are others who have suggested that PBM 
is only attained between the age of 30 to 40 (225; 282). Nevertheless, the childhood and 
adolescent periods have been identified as the most critical for skeletal mineralization (57). 
Variations in the findings of these studies may be as a result of differences in study design, 
small sample sizes and different adjustments for maturational land marks. 
 
Apart from the mass of the skull (which increases throughout life) (113), bone mass increases 
throughout childhood, reaching peak levels by late adolescence or early adulthood (figure 
2.2). Once PBM is reached, osteoclastic bone resorption equals that of osteoblastic new bone 
formation (65). A longitudinal study conducted by Thientz et al. (1992) was one of the first to 
observe that DXA measurements taken over the period of growth indicate an increase in bone 
mass throughout childhood and a noticeable acceleration in accumulation at puberty (283). 
Figure 2.2 shows a graphical representation of bone mass changes with age. The increase in 
BMD that occurs following the onset of puberty has been confirmed by QCT (98; 195) and is 
mainly due to an enlargement in bone size but also due to a small contribution by volumetric 
density (195). Areal bone mineral density increases during the pre and early pubertal years 
due to the increase in size of long bones. Cortical volumetric bone density however, remains 
the same throughout life and is similar in males and females (137). Thus it is imperative that 
bone mass measurements are adjusted for bone size during growth, otherwise the impression 
that bone density is increasing will be obtained (97).  
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Figure 2.2 Schematic representation of the changes of bone mass with age as measured by DXA 
The dotted line shows the theoretical consequence of a reduction in peak bone mass. The magnitude of the 
difference between the two curves is not intended to be to scale. Adapted from Heaney et al. 2000 (113) and 
Davies et al. 2005 (65) 
 
There are number of factors influencing the attainment of PBM. These factors may act during 
intrauterine life, childhood or adolescence (58; 305). Factors influencing bone mass may be 
divided into those that may be modified, and those that may not. 
 
2.5 Non Modifiable Influences on Bone Mass Acquisition during Childhood 
 
Factors such as genetic make up, gender, race, hormonal status, parental smoking history, 
parity, chronic diseases, intrauterine life experiences, birth weight and length, and 
breastfeeding history are considered to be non-modifiable factors which may influence bone 
mass acquisition. This section of the review will focus on genetic determinants of bone mass 
acquisition as well as the influences of age, gender, race and hormones.   
 
2.5.1 Genetic Determinants of Bone Mass 
 
Familial and twin studies have shown that genetic predisposition accounts for up to 80% of 
PBM, and the remaining 20% is modulated by environmental factors and sex hormone levels 
during puberty (104; 137). BMD has been found to be reduced in daughters of osteoporotic 
 21 
 
women (263). A paradox in the literature regarding the genetic determinants of bone mass is 
evident in studies which have attributed more than 100% of the variance in BMD to the sum 
of genetic and environmental factors. Some have estimated that physical activity and calcium 
intakes account for 40% of the variation in BMD (214; 316) while others have stated that 
heritability accounts for 80% of the variation in BMD (65; 104). Khan et al. provide examples 
and explain this apparent contradiction by giving three situations: 1) a gene-environment 
interaction (e.g. if genes determined a persons lifestyle choices); 2) an environment-
environment interaction (e.g. people doing more physical activity also had higher calcium 
intakes); or 3) a common set of controlling genes for BMD and factors such as lean muscle 
(which could also be considered as a lifestyle category) (137).  A large number of candidate 
genes have been implicated to be responsible for determining bone mass (for example: 
Vitamin D receptor (VDR) gene; oestrogen receptor (ER) gene; apolipoprotien E4 gene; 
interleukin genes; the parathyroid hormone receptor gene; collagen genes). Polymorphisms of 
many of these genes have been suggested to influence bone mass, but the size of the effects of 
most of these polymorphisms on bone density in childhood have not been evaluated. 
 
2.5.2 Age, Gender and Racial influences on Bone Mass  
 
Data from the University of Saskatchewan Paediatric Bone Mineral Accrual study (16; 17; 82; 
83) provide comprehensive data from a seven year period of velocity curves for bone mineral 
accrual rates in male and female children living in a developed or first world country. Data 
from this study showed that after controlling for size differences males accrued more bone at 
PBM and during the two years around this period than females. Another finding from these 
data showed that there is a lag period between the time of maximum growth in height (peak 
height velocity) and PBM accrual, with PBM being attained approximately six to twelve 
months after the timing of peak height velocity for both genders (Figure 2.3) (18). This lag 
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period has been shown to partly explain the increased fracture incidence noted around this 
time in adolescents (268). It should be noted that data from this study were largely based on 
Caucasian children; data such as these are limited for other race and ethnic groups. Peak 
height velocity occurs at approximately 12 years of age in girls (317). By the time girls reach 
menarche at approximately 12.7 years of age, their skeleton is within 97% of its final height; 
and adult height is usually attained within 2-3 years after this period (22). In boys, peak height 
velocity occurs approximately two years later, resulting in an additional gain of 10cm in 
height during the childhood period of growth. The sexual dimorphism of skeletal growth 
results in a mean 13cm difference in adult height between men and women (95). 
 
Figure 2.3 The disassociation between whole body BMC and peak height velocity in the University of 
Saskatchewan Bone Mineral Accrual Study. Reproduced from Bailey et al. 1999 (18). 
 
Peak BMC is approximately 10% higher in males. It is not clear at what age these gender 
related differences become evident. In 2000, Armstrong et al., reported that young men tend 
to accrete bone until the age of 22 years, several years after cessation of linear growth, 
thereby providing an opportunity to maximize accretion of bone during the late teen and early 
adult period (10). Reports in the literature have been inconsistent. Gilsanz et al. (1997) using 
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QCT measurements and Theintz et al. (1992) using DXA measurements have reported that 
there are no gender differences in lumbar spine BMD during the pre-pubertal years (97; 283) 
while others (using DXA) have found a higher BMD in girls (128; 145). A large longitudinal 
study conducted by Nelson et al. (1997) indicated that while there were no significant gender 
differences in whole body measurements at ages nine and 10, results for the lumbar spine 
region were greater in females than males (194). The inconsistencies are also found for other 
sites measured such as for the femoral neck BMC, where some pre-pubertal studies have 
shown males to have a higher femoral neck BMC than females (74; 146) and others have not 
(328). Maynard et al. (1998) report that up until the age of 13 years whole body BMC 
increases are similar in girls and boys, after which boys show sharp increases in BMC, with 
girls only increasing slightly. Maynard et al. (1998) also state that whole body BMD values 
do not differ significantly between boys and girls before the age of 15 (174), however these 
data were not corrected for size or maturity differences. Nguyen et al. (2001) showed that 
there were no sex differences in BMC or BMD pre-pubertally, although females had 
significantly higher BMD of the pelvis and BMC and BMD of the spine during puberty (197).  
 
Most studies mentioned above have compared gender groups by chronological age and failed 
to control for confounding factors such as maturity and body size differences. It is therefore 
likely that some of the differences observed could be attributed to differences in maturation 
rates, which are known to be different for males and females. The results presented may 
therefore simply be a reflection of differences in rates of growth. Differences with respect to 
body size adjustment techniques are also evident in the literature. While some authors present 
BMC data, others report BMD data. As mentioned earlier, BMD is a two-dimensional 
measurement of the amount of bone, in a three-dimensional structure. Thus, adjusting BMC 
for body and bone size differences can provide insight into the effect bone size has on BMC 
accrual during growth. Some studies have taken these growth differences into account. 
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Subjects’ data from the University of Saskatchewan Paediatric Bone Mineral Accrual Study 
(16-18) were aligned with the same maturational land mark - peak height velocity. Where 
peak height velocities are not available, adjustment for maturity using skeletal age and Tanner 
staging can also be made. 
 
Studies that have measured pre-pubertal changes in BMC and have adjusted BMC for bone 
and body size have shown that BMC increases in proportion to the enlarging length and depth 
of the bone (74; 98). Data from these studies suggest that gender related differences in bone 
and body size may account for the observed differences in BMC during the pre pubertal 
period.  
 
Race implies that a particular population has genetic similarities. One of the first studies to 
observe race differences in bone mass was conducted in the early 1970’s. Choi and Trotter 
(1970) reported that Black foetuses had longer and heavier bones than their White 
counterparts before birth (54). Since this study, others have corroborated these findings and 
the prevalence of osteoporosis and fracture occurrence is now known to be lower in Black 
than in White subjects worldwide (99; 163; 184). What is not known is to what degree racial 
differences are present in childhood. Bachrach et al. (1999) recommend the use of race and 
gender specific standards for the interpretation of paediatric bone densitometry data (14). In 
their study comprising of subjects aged between nine and 25 years, it was found that African 
Americans had greater mean BMD and bone mineral apparent density (BMAD) than White 
Americans at all sites. Bachrach and colleagues (1999) and others have observed that 
depending on skeletal site, age and gender, African American youths have between five to 
23% greater bone mass than Whites (98; 99; 194; 306). A more recent finding in South 
African children, that bone mass at the femoral neck, total hip and mid-radius is greater in 10-
year-old Black children than White children (304) is consistent with findings from the USA 
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(14; 306), but in South African children no differences were found at the spine or distal 
radius. These data are of particular interest as Black South African children are exposed to 
many environmental factors known to impact negatively on bone mass. These include living 
under poor socio-economic conditions, compromised growth (lower birth weight, shorter 
stature and later onset of pubertal development) poorer nutrition patterns, and less physical 
activity (181-183; 304; 305). Additionally there are clear race and gender differences in the 
growth of axial and appendicular skeletons in pre pubertal children. This has been observed in 
both South African (202) and children from developed countries (99; 170; 261), suggesting 
that these patterns are more genetically than environmentally influenced. 
 
Biro et al. (2001) found that African American girls had a mean age of menarche of 12.0 years, 
whereas White girls began menstruating at 12.7 years (28). Early maturation has implications 
for height and weight, which in turn have inferences for bone mass. While studies of childhood 
differences between race groups are scarce, a few adult studies have confirmed that Black 
Americans and South Africans have greater BMD at the proximal femur and that Black 
Americans have greater BMD at the lumbar spine than Whites (7; 64). Currently, there has been 
only one study which has compared whole body BMC of Black, White and mixed ancestral 
origin children from the USA and South Africa Whole body BMC was found to be lower in 
children of European ancestry compared to African ancestry and South African children had 
significantly higher whole body BMC compared to their US peers (187). 
 
The pre-pubertal years represent a time of large increases in BMC, contributing to almost half 
of total peak BMC. There are discrepancies in data regarding males and females, Blacks and 
Whites and whether or not they accrue a similar amount of bone during the pre-pubertal years. 
Whether these differences can be attributed to bone size, genetic make up or environmental 
factors remains to be determined. 
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2.5.3 Hormonal Influences on Bone Mass 
 
The endocrine system is highly involved in the regulation of bone metabolism and growth. 
During childhood, the major systemic hormones involved in skeletal development are: growth 
hormone (GH), insulin-like growth factor 1 (IGF-I), oestrogen and androgens (50; 226). The 
pre-pubertal years consist of the period of growth from birth until the end of Tanner stage 1 
(approximately age 10 in girls and 12 in boys). Levels of GH and IGF-1 increase dramatically 
during puberty and are augmented by the increasing levels of sex steroids (65). Increases in 
IGF-I levels have been shown to parallel increases in BMC during growth, suggesting a 
relationship between IGF-I and BMC accrual (129; 319). Mora et al. (1999) reported that 
IGF-I levels are the best predictors of cross-sectional bone area at the femoral mid-shaft 
(190). Growth hormone action on bone is mainly mediated through IGF-1, which stimulates 
osteoblastic activity and also acts directly on the division of chondrocytes on the growth plate 
(65). Children, who are GH deficient, have been found to have reduced bone size and a lower 
bone density than healthy age matched peers (21). Bachrach et al. (1998) found normal bone 
density, but smaller bones in adults with who were GH deficient as children and had low IGF-
I levels (15).  
 
Sex hormones such as testosterone and oestrogen also play an important role in skeletal 
development during puberty and a strong relationship between GH, IGF-I and these hormones 
exists. New bone formation around puberty is aided by the anabolic effects of the sex 
hormones on bone accretion (283). Between seven and eight years of age, the secretion of 
androgens increases, associated with an increase in height, known as the mid-growth spurt. 
Sex hormones act in synergy with GH and IGF-I during puberty to induce a growth spurt in 
height and BMC (327). The oestrogen-related increase in GH and IGF-I appears to be the 
main mediator of the increases in linear growth and BMC during puberty in boys and girls 
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(61). While the role of hormones in BMC accrual is not completely understood, it is known 
that during the pubertal period, oestrogen has important effects, not just by increasing 
volumetric bone density but also by decreasing bone modeling at the endocortical surface by 
suppressing bone resorption leading to an increase in cortical thickness (307).  
 
2.6 Introduction to Modifiable Influencers on Bone Mass Acquisition 
during Childhood 
 
Peak bone mass is principally determined by genetic factors and over the past decade, 
researchers have pursued genetic approaches to understanding the basis of skeletal fragility 
(31). However, recent prospective trials have begun to lend strong support for the contention 
that lifestyle factors such as weight bearing physical activity, muscle strength and nutrition 
can augment bone mineral in the growing skeleton (23; 191), accounting for approximately 
20% of the variation in PBM (14; 57). Additionally genetic markers which have been 
implicated in osteoporosis risk have been shown to account only for a small proportion of 
variance in bone mass and fracture risk (58). Owing to the fact that bone mineral acquisition 
at all sites occurs reasonably early in life, exogenous modifiable factors favouring the 
attainment of PBM need to be more precisely identified and characterized (173).  
 
Nutrition, in particular adequate calcium intake, is considered a lifestyle factor necessary for 
good bone health and much of the literature in the past focused on this association. Calcium, 
the most common mineral in the body,  is present in all foods we consume and high dietary 
intakes during childhood and adolescence have been associated with an increased PBM (47; 
65; 113). Conversely, low calcium intakes of approximately 300 to 400mg per day as reported 
in data from developing countries, have been shown not to have immediate deleterious effects 
on the skeleton in children (113). This has not been the case in reports from developing 
countries where children with daily dietary calcium intakes estimated at approximately 200mg 
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per day presented with rickets in the face of normal serum 25(OH) Vitamin D concentrations 
(73; 210). Vitamin D is vital for the transport and absorption of calcium through the gastro-
intestinal system (113). The human body cannot store a dietary surplus of calcium, thus it is 
termed a threshold nutrient, i.e. effects accrue up to a threshold intake value, after which no 
additional benefits are observed with increasing intakes (112). Threshold intakes in children 
have been reported in the literature (123; 172).  
 
Low dietary calcium intakes have traditionally, in adults, be thought to produce osteoporosis 
through secondary hyperparathyroidism and an increased bone turnover (210). In Africa, the 
prevalence of osteoporotic related fractures has been documented to be lower than prevalence 
rates reported in the USA and Europe, despite habitual calcium intakes which are routinely 
lower than recommended daily intakes in Africans (211). A comprehensive meta-analysis 
conducted by Winzenberg et al. (2006), assessed whether calcium supplementation was 
effective in increasing BMD in healthy children. In the 19 studies that the investigators 
included in the review, comprising 2859 children, calcium supplementation was found to have 
no residual positive effect on BMD at any site measured, except for a small effect which was 
noted at the whole body and upper limb. Additionally, there was no evidence to show that the 
effect of calcium was modified by gender, baseline calcium intake, pubertal stage, race groups 
or level of PA (321). Winzenberg and colleagues (2006) concluded that alternative nutritional 
interventions such as Vitamin D, fruit and vegetables be explored in children. While this was 
a well conducted review, it is important to note that using BMD as an outcome variable might 
not necessarily account for the effect that calcium supplementation may have on bone size, as 
has been demonstrated in other studies (33; 216). Be that as it may, these and other studies 
which have documented increases in bone mass with calcium supplementation (35; 105; 160; 
238), have not been able to show that benefits are maintained after withdrawal of the 
 29 
 
supplement. There have also been reports of  no association between calcium intake and bone 
mass (133; 145).   
 
The effect of the bone remodeling transient as highlighted earlier in this review is often 
missed in intervention studies. True effects of any nutrition supplementation can only be 
established by measurements made after the bone remodeling transient has passed (111). One 
follow up study conducted by Bonjour et al. (2001) three and a half years after a calcium 
intervention, did document sustained bone mass accrual benefits after calcium 
supplementation had stopped (34). Nevertheless, the calcium supplementation used in 
Bonjour et al.’s (2001) study was a milk supplement and therefore also contained phosphate 
and protein.  In a randomized controlled trial by Specker and Binkley (2003), a significant 
increase in cortical thickness and bone area was observed in children whose diets were 
supplemented with calcium and were involved in a gross motor PA program (275). A follow 
up to this study conducted 12 months later revealed that children, who were randomised to the 
gross motor PA program, maintained a greater periosteal circumference even after the calcium 
supplementation and physical activity intervention had stopped. It is possible that this was due 
to the fact that children who were involved in the gross motor physical activity program 
continued to be more physically active of their own accord compared to those children who 
were assigned to a fine motor activity group, therefore its is not known whether the 
maintained bone mass effect was due to the residual effect of activity program or continued 
increased levels of PA (27).  
 
It therefore appears that the effect of calcium supplementation in normal healthy children over 
and above usual daily intakes has a marginal effect on bone mass. The effect observed in 
intervention studies is more likely to be a transient effect on bone mass which is unlikely to 
be maintained after the intervention has stopped.  
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Weight bearing physical activity is a modifiable determinant of PBM and is therefore 
increasingly targeted as an important area of research. Many investigators agree that it is 
during the growth phase that the skeleton may be most responsive to exercise (106; 117; 132; 
165; 269). Physical activity during early childhood and adolescence is an important predictor 
of PBM (65). The positive relationship between physical activity and bone mass has been 
shown in studies which have mainly been conducted in developed countries. Developing 
countries such as South Africa are faced with different challenges and obstacles to those 
found in the developed world. These challenges include massive differences in socio-
economic status between population groups, poor access to health care, poor nutritional 
intakes and compromised growth patterns. These burdens present a major public health 
challenge. Intensive efforts to promote healthy lifestyles are desperately needed as has been 
pointed out in a recent review of risk factors related to diseases of lifestyle in Black South 
Africans (42). While physical activity and dietary habits may both be considered to be 
modifiable factors, children are able to exert a greater degree of control over their physical 
activity habits than their diet and socio-economic status.  
 
While many conclusions drawn from studies conducted in the USA and Europe are clearly 
applicable to a South African population, others are not. There is a paucity of literature on 
South African children’s physical activity patterns, dietary habits and bone mass accrual. 
Further understanding of the factors affecting PBM accrual and the timing of the achievement 
of PBM is necessary for the improved understanding and development of preventative 
strategies against osteoporosis.  
 
2.7 Conclusion 
 
This chapter has examined the literature with respect to the composition and structure of bone. 
It has highlighted the advantages and limitations of different methods of assessing bone mass. 
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The importance of attaining a high PBM was underlined along with the non-modifiable 
factors which may influence the process of bone mass acquisition during childhood. The 
chapter concluded with an introduction to the modifiable factors influencing bone mass 
acquisition, physical activity in particular will be expanded upon in Chapter Three. 
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Chapter 3: Literature Review II 
____________________________________________________________ 
 
This chapter examines the modifiable influence of physical activity on bone mass. Physical 
activity as a concept is reviewed; its assessment and the factors which may influence physical 
activity patterns and their relationship with bone mass are discussed. The review concludes 
with a summary and critique of existing literature, followed by a brief discussion of specific 
research questions and hypotheses suggested by this review.  
 
3.1 Introduction  
 
Physical activity can be seen as an umbrella term of human behaviour with multiple 
dimensions and sub categories such as exercise, sport, leisure activities, dance and 
transportation (30; 38; 266). Many people link being physically active to rigid organised 
activities and do not consider enjoyable informal activities such as playing cricket with the 
family as physical activities (37; 124). Current epidemiological research into the link between 
disease and physical inactivity concerns “habitual physical activity”- activity performed on a 
regular basis (37). Habitual physical activity comprises activity at work, around the home, 
during leisure time and as a mode of transport (30; 37; 266). Little energy over and above 
resting metabolism is expended during sleep thus sleep is not a form of activity. However it is 
important to account for the inactive period associated with sleep for research purposes as 
most people spend at least six hours a day sleeping.   
 
Physical activity research is particularly sparse for those living in developing countries such 
as South Africa. We know very little about racial differences in these countries, particularly 
with regards to physical activity levels, bone mass, body composition and obesity. Although 
the prevalence of obesity is higher in developed countries (164), it is nevertheless a serious 
 34 
 
emerging problem in developing countries (71). Other chronic diseases of lifestyle, such as 
diabetes and hypertension are also increasing, but little is known about the changing 
prevalence of osteoporosis and fragility fractures in developing countries. 
 
3.2 Assessment of Physical Activity 
 
Growing interest in the study of physical activity and its relation to various health outcomes 
has been reflected by the proliferation of a variety of self report measures of physical activity. 
Determinants of physical activity participation, activity patterns of the population and the 
relationship between health, disease and physical activity may all be described with the use of 
physical activity data (37).   
 
Due to the random nature of habitual physical activity, it is difficult to assess. Assessments 
performed in the laboratory may not adequately reflect natural behaviour. Field studies are 
thus more representative of normal conditions. However, studying activity in an uncontrolled 
natural environment presents challenges. Physical activity may be assessed directly or 
indirectly (219). The direct measurement of activity is more accurate and objective and 
includes the use of doubly labelled water (56); heart rate monitoring via telemetry (25; 219); 
oxygen consumption; and activity measurement by activity monitors such as pedometers and 
accelerometers which measure the number of steps or movements (counts) during a specific 
time period (265). A drawback to measuring activity directly is that behaviour may be altered 
during the study due to the setting, design of the experiment, invasive nature of the direct 
observation or interference of natural movement by the equipment. Much of the equipment 
needed for direct physical activity measurement is expensive and difficult to administer to a 
large group of subjects. A favourable method is the use of activity monitors which are 
relatively small devices that can easily be attached to a waistband or strapped to the wrist or 
ankle. Due to their limitations, direct measures of physical activity are mainly used when 
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sample sizes are small, or to validate indirect activity methods. In large samples or population 
studies, indirect activity measurement is more practical. Logging methods such as diaries, 
logbooks, and physical activity questionnaires (PAQ) are the most commonly used methods 
used to assess activity indirectly (56).  
 
3.2.1 Physical Activity Questionnaires 
 
Questionnaires are the preferred method of indirect habitual physical activity assessment in 
large studies (151; 219). Major characteristics of PAQs that favour their use in studies with 
large sample sizes include the low cost of producing and administering the questionnaires, the 
relative simplicity of administering the questionnaire and their applicability of use in any 
setting and their validity in terms of measuring activity (29).  
 
The Harvard Alumni Activity Survey conducted by Paffenberger (1978) remains the most 
recognised physical activity questionnaire study (204). Paffenberger’s questionnaire focused 
on two domains of activity: activity: as a mode of transport and leisure time activity. 
Activities within each domain may vary between population and country. For example, 
walking several kilometres to school is less likely in a developed country, but more likely in 
developing countries such as South Africa. Hence, questionnaires must be carefully designed 
for use in a specific population (311).  
 
Although data from a South African population are limited, results from the first National 
Risk Behaviour Survey conducted in 2002, indicate that less than one third of South African 
children aged 13 to 19 years old, participate in sufficient (defined as participation in activities 
such as soccer, netball, rugby, basketball or running for 20 minutes or more on at least three 
of the seven days preceding the survey) physical activity on a weekly basis (227). A greater 
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percentage of Black youths (37.5%) were found to be insufficiently active compared with 
White youths (29.4%). Currently there has only been one study in South Africa in which the 
authors have made use of a historical physical activity questionnaire, and reported on lifetime 
physical activity in relation to bone mass in non-Caucasian women. This study was conducted 
in a South African group of Black and mixed ancestral origin women and found that indeed 
physical activity during childhood and adolescence is related to BMD in later life in these race 
groups (186).  
 
3.2.2 Questionnaire Design 
 
Currently, there is no standardised method for designing questionnaires and they are therefore 
available in several formats. There are basic design characteristics which vary from 
questionnaire to questionnaire. These include: method of administration; questionnaire length; 
length of assessment period; domains assessed within the questionnaire; aspects of physical 
activity assessed (type, intensity, duration); scoring protocol; validation method and 
repeatability testing.  
 
A domain is a broad category into which several activities taking place in the same 
environment or serving a particular purpose can be grouped (37). In order to obtain an 
accurate representation of activity habits, most physical activity questionnaires assess activity 
in every area of daily life rather than studying domains in isolation. Activities within each 
domain can vary from country to country and as a consequence questionnaires must be 
designed carefully to ensure that activity is appropriately assessed within a particular context. 
Most questionnaires are designed for use in a specific population (310), or a population sub 
group for a specific purpose. Modification may involve translation of the questionnaire (62); 
including culturally relevant examples of activity (4; 62) and age relevant activities (320).  
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3.2.3 Methods of Administration 
 
Administration of physical activity questionnaires generally takes two forms: by self 
completion or by an interview conducted over the telephone or face to face (62). Self 
completion of questionnaires very often depends on age, literacy and language ability of 
respondents. When participants are interviewed, queries can be addressed immediately by the 
interviewer provided the interviewer and participants are able to converse. Additionally, 
interviewer administered questionnaires are considered more appropriate in rural settings 
where subjects may not have access to mail or where such systems may be unreliable and 
subjects are more frequently illiterate. However, it is essential that interviewers undergo 
extensive training in order to learn how to ask questions properly, prompt participants where 
necessary, clarify answers and extract relevant information (242). Intra- and inter-interviewer 
error also needs to be tested if more than one interviewer is being used for the same sample of 
participants. Differences in interviewing style may affect some answers obtained from 
respondents. The best method of administration for physical activity questionnaires depends 
largely on the research design and the objectives the study is trying to achieve. 
 
3.2.4 Questionnaire Length 
 
Time constraints are one of the main determinants of the length of a questionnaire. Attempts 
have been made to shorten questionnaires to as little as one question (313). It is important to 
note that the length of a questionnaire does not necessarily reflect its ability to assess activity 
accurately. Literature generally concludes that it is the logical order of the questions, not the 
length of the questionnaire that ultimately determines its validity as a physical activity 
measurement device (124).  
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Questionnaire length largely depends on what the researcher is trying to assess as well as the 
study sample in question. Physical activity questionnaires may be better at providing crude or 
proxy estimates of physical activity behaviours in children rather than providing absolute 
values. Questionnaires are especially useful in large longitudinal studies, where subjects can 
be ‘ranked’ or categorised into varying activity levels, depending on their responses. 
Currently there are no agreed guidelines on PAQ design; this is an area needing to be 
addressed in the literature.  
 
3.2.5 Length of Assessment Period 
 
The length of the assessment period depends on the purpose of the questionnaire and may 
range from the past 24 hours to the past season, year or lifetime (1; 30; 62; 124; 232; 247; 
310). Shorter assessment periods usually assess current behaviour whereas extended periods 
of assessment would assess long term behaviour patterns. If the purpose of the research is to 
track changes or to observe trends in activity patterns over time, yearly assessments are 
common practice. Alternatively if a group of participants is exposed to an intervention or a 
new physical activity routine, a shorter assessment may be more useful.  
 
Again, deciding on the length of the assessment period that a PAQ should cover will largely 
be determined by the research objectives. It is important to decide on the length of assessment 
period and the reasons for using that period, before using a physical activity questionnaire.  
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3.2.6 Type, Intensity, Duration of Activity 
 
The most commonly assessed aspects of physical activity are frequency, duration and 
intensity (62; 124; 247). Frequency is usually assessed as days per week, weeks per month 
and months per year. Seasonal variations in frequency of activity are an important aspect to 
consider as many sporting activities are seasonally based. Activity duration is either 
calculated as the total number of minutes spent in activity over an entire day (266), or as the 
number of bouts of activity lasting longer than a specified period. Reporting of duration of 
activity (bouts or minutes) is an important consideration when providing activity guidelines to 
the public. Intensity of activity is the most difficult attribute to assess as very often it is 
subjective. Questionnaires may ask the participant to rank their own intensity (easy- very 
hard) or may make use of intensity thresholds to categorise activity when analyzing responses 
(220).  
 
Since exercise has been shown to have a dose response effect on health, it appears that 
activity must occur above a certain threshold for maximal health benefits to be observed. With 
respect to bone mass, results of animal studies have shown dose response relationships 
between strain magnitude and BMC (236). Thus, type, intensity and duration of physical 
activities are important considerations.  
 
3.2.7 Scoring Protocol 
 
It is well established that a direct connection between work or activity intensity and energy 
expenditure via metabolic processes exists for physical activities in which the weight of the 
body is moved around (5). Intensities of activities can be classified as multiples of one MET 
or the ratio of the associated metabolic rate for the specific activity to the resting metabolic 
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rate (RMR). One MET is defined as the energy expenditure for sitting quietly, which for the 
average adult is 3.5 ml of oxygen.kg body weight-1.min-1 or 1 kcal.kg-1body weight.h-1 (3; 4). 
For example a 4-MET activity (e.g. walking briskly) requires four times the metabolic energy 
expenditure of sitting quietly. MET values are multiplied by the hours reported by the 
participant, spent performing each activity and the products are summed to give total kcal.kg-
1.day-1. This value can be used to quantify the amount of physical activity reported 
independent of body size. This figure can be multiplied by the body weight in kg to arrive at 
an estimate of total energy expenditure.  
 
Ainsworth et al. (1993 & 2000) have developed a Compendium of Physical Activities to 
facilitate the coding of physical activities as well as to promote comparability of coding 
across studies (3; 4). Each activity reported by a subject can be coded by function, specific 
type and intensity. The Compendium can be used for epidemiological and clinical purposes 
by allocating a MET score to every activity indicated in the questionnaire. MET scores are 
then summed for each category or domain of assessment and a total MET score (hereafter 
referred to as METPA (summed MET score)) can be allocated to each subject for the period 
on which they are reporting.  
 
Resting metabolic rate varies with age, weight, height and gender and presents a limitation to 
using MET scores (3; 25; 219). Additionally Ainsworth’s Compendium scores are based on 
adult resting metabolic rates, and therefore have limited use in assigning absolute values in 
children. Nevertheless as mentioned earlier, METPA scores can be assigned to rank subjects 
according to activity levels. This is useful in large studies involving children, where indirect 
observations of physical activity are made. The purpose of a MET score should be seen to 
provide an estimate of energy expenditure, and not necessarily a fixed absolute value. 
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When PAQs are used for bone research, a mechanical physical activity (MECHPA) score can 
also be calculated to measure the mechanical components of physical activity from the 
responses provided. The score is based on the concept that bone adapts to the loads applied to 
it. A concept largely based on ‘Wolff’s Law’ which has recently come under scrutiny and 
some researchers have suggested that the term be changed to bone functional adaptation 
(237). Groothausen et al. (1997) developed peak strain scores for a variety of activities based 
on the ground reaction forces of different physical activities (103). In their study, it was 
hypothesised that activities with a high peak strain (higher loads, fewer repetitions) would 
have a greater effect on bone mass than activities with higher repetitions and lower loads. 
This hypothesis was based on observations made from animal experiments (154; 155; 235) 
which have shown that that bone’s osteogenic response to loading is a response that becomes 
saturated. The crucial factor in the stimulation of bone therefore does not appear to be the 
number of loads, but rather the effect of the load magnitude (103). Groothausen et al. (1997) 
assigned all activities that involved jumping a peak score of 3; activities with explosive 
actions such as turning and sprinting received a score of 2; weight bearing activities received 
a peak score of 1 and all other activities received a peak score of 0. Their study, did not take 
into account frequency and duration of activities, but did report a significant and positive 
relationship between the peak strain score during adolescence and adulthood and lumbar spine 
BMD at age 27 years.     
 
In a similar manner to calculating METPA scores, a MECHPA score can also be calculated 
from a PAQ. This can be done by multiplying the peak bone strain scores (developed by 
Groothausen et al. (1997)) by duration (hrs/wk) of activities recorded by the subject. Kemper 
at al. (2002) validated their PAQ to measure the effect of mechanical strain on bone mass and 
concluded that MECHPA scores (mechanical components) are more important than METPA 
scores (metabolic components) for the healthy development of bone mass (134). A 
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significantly positive relationship between MECHPA scores and BMD at weight bearing sites 
(lumbar and hip BMD), but not wrist BMD (non-weight bearing) has been observed (135; 
277).  
 
3.2.8 Validation and Repeatability of Questionnaires 
 
The accurate and detailed measurement of physical activity is a crucial prerequisite for 
exploring its relationship with health and disease. There are numerous methods to measure 
physical activity in both short and long term research, but their applicability varies greatly in 
epidemiological and observational research. The most common method of physical activity 
measurement- questionnaires, allows for low subject burden and cost, qualitative and 
quantitative information, and quick administration (29). Limitations to PAQs include 
erroneous recall of time, intensity or frequency of activities and deliberate misinformation. 
While researchers acknowledge that children may have difficulty in recalling their physical 
activity, PAQs are popular in epidemiological studies. A PAQ needs to be able to elicit the 
same valid information from a subject on more than one occasion. In general, correlation 
between repeated questionnaire administration has been shown to be high (1; 310; 311), 
indicating that questionnaires are a reliable measure of activity.  
 
There is no current ‘gold standard’ against which to validate physical activity questionnaires. 
All physical activity assessment techniques offer their own advantages and disadvantages. In 
general, METPA scores are compared and correlated with a direct measure of energy 
expenditure, such as oxygen consumption, activity monitoring  or heart rate monitoring (266). 
Others have compared METPA scores with indices of fitness (124; 310). Physical activity and 
physical fitness are terms that are often used interchangeably in the sense that subjects who 
report being more physically active would be assumed to be physically fitter. This is not 
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always the case. Common measures of physical fitness include body fat percentage, body 
mass index (BMI), maximal oxygen consumption (VO2), flexibility, run tests of a specified 
distance, and number of sit ups performed in a specified time. Validation studies performed in 
children and adolescents that have compared PAQs with heart rate monitoring, accelerometry 
and other physical activity measures, have in general shown good validity of PAQs (1; 6; 36; 
244; 286).  
 
3.2.9 Current and Future work with Physical Activity Questionnaires 
 
Under the guidance of the World Health Organisation, researchers worldwide are currently 
involved in a collaborative effort to devise a suitable questionnaire which will be able to 
assess all domains of activity in all population groups. The first such questionnaire, devised in 
the late 1990’s (International Physical Activity Questionnaire) has been used (324) and tested 
in a South Africa population (62). The questionnaire’s short form has been reported to 
overestimate activity, the long form was found to be too complex (66; 242). Currently, a 
questionnaire called the Global Physical Activity Questionnaire (GPAQ) is being tested and 
validated in several populations (66). If the GPAQ is proven to be an acceptable measure of 
activity in diverse populations, it will make the comparison of physical activity results 
between studies possible. There is however some reluctance to covert to the Global Physical 
Activity Questionnaire due to the incompatibility of future data with past findings (241). 
Nevertheless, the advantages of having one standard physical activity questionnaire 
assessment could in certain situations outweigh the disadvantages associated with the loss of 
past physical activity data. 
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3.3.1 Accelerometry -An Objective Physical Activity Measure 
 
Accelerometry based devices have been used for over 30 years (29). The Caltrac Personal 
Activity Monitor (Muscle Dynamics, Torrence, CA) was the first accelerometer or activity 
monitor to be validated for research purposes (245). There is now a number of different 
activity monitoring devices available to researchers. The Actical accelerometer (Mini-Mitter; 
Bend, OR) is currently the smallest accelerometer available and has been validated against 
other measures of physical activity (115; 219; 220; 314) and other accelerometers (314), and 
has been used in children as young as three years of age (212). 
 
Accelerometers are a useful tool for the classification of levels of physical activity in children 
(220). They can be worn continuously for an extended period of time. Accelerometers 
measure body movement in terms of acceleration (the rate of change of speed), which can be 
used to estimate PA levels over a specified time. Accelerometers are able to do this with the 
use of a piezoelectric sensor which detects movements in three planes (medio-lateral, antero-
posterior, and vertical). The piezoelectric sensor consists of an element and a seismic mass 
which is stimulated through acceleration, causing the element to experience deformation. 
These changes in the piezoelectric element cause a displaced charge to build up on one side of 
the sensor which can generate a variable output voltage signal proportional to the applied 
acceleration (53). A limitation of most accelerometers is that they only reliably detect 
dynamic events. They are better at estimating energy costs associated with activities that 
involve ambulation than activities such as rowing and weight lifting (53). When an 
accelerometer is held still, all it senses is gravity. Tilting the accelerometer is an example of 
how it senses static acceleration. Accelerometer’s inability to detect the static component of 
acceleration means they are not well suited to measuring movements such as weight lifting 
and standing vs. sitting. The Actical accelerometer is designed for the measurement of whole 
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body movement and is sensitive to movements in the 0.5 – to 3 Hz range (53). Recording one 
minute epochs of data is accepted as standard protocol, although it has been noted that this 
may miss shorter bursts of vigorous activity especially in children (313). Acticals sum 32 
counts as values in a 1 second window and divide the sum by four, in order to reduce the size 
of the value and accommodate the numerical limitations of accumulated activity values. This 
value is then added to the accumulated value for the epoch. Total energy expenditure and 
physical activity energy expenditure for each subject can be estimated using Actical output. 
This is done via the manufacturer’s equation which uses data entered by the researcher about 
the participant (age, height and weight). It has been suggested that it may be more appropriate 
to use the count data from accelerometers, rather than the energy expenditure output, as 
converting counts to units of energy expenditure may be inaccurate due to the additional 
measurement error of the built-in regression equation (63; 267). Crouter and colleagues 
(2006) have recently compared published regression equations designed to predict energy 
expenditure from Acticals against indirect calorimetry of activities over a variety field 
activities. They report that the Actical regression equations used to predict energy expenditure 
overestimate the cost of walking, but underestimate the amount of energy used in most other 
activities. This is a limiting factor in establishing the Actical’s ability to measure energy 
expenditure across a range of categories (63). In general however, a high correlation (r=0.94) 
between counts per minute and METs measured during treadmill walking, running and other 
activities performed in a laboratory has been reported (115).   
 
Accelerometers do however; allow for the detection of a wide range of movements of 
differing intensities movements. On the whole, accelerometers have been shown to have good 
correlations with other measures of PA (312), including the gold standards of energy 
expenditure such as the doubly labelled water method and are considered to be a valid 
estimate of overall PA (78). In children, the Actical has been shown to be a valid tool for 
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measuring PA as shown in a recent study by Pfeiffer et al. (2006) where Actical activity 
counts were found to be highly correlated with oxygen consumption (VO2) (212). 
 
Standardised protocols for determining the number of days that accelerometers should be 
worn, placement of the accelerometer and analysis of output do not exist. Accelerometers are 
however being used increasingly in physical activity research and as a result a scientific 
meeting aimed at closing the gaps in accelerometry knowledge was held in 2004. From data 
presented at this meeting, best practice and research guidelines were developed for using 
accelerometers for research purposes (308). The number of days needed for monitoring 
largely depends on the setting of the research, population of interest, funding resources and 
research objectives (289). A number of review papers have presented guidelines with regards 
to the best placement of the accelerometers and number of days of monitoring needed (308; 
312). It is generally recommended that for studies involving children, accelerometers be worn 
for between three and five days in order to achieve a reliability of 0.7 (290). While no 
calibration studies have been conducted to derive equations for interpreting accelerometry 
data from sites other than the hip, placement at the hip or lower back has become the most 
common sites for placement (308). When positioned on the hip, accelerometers are extremely 
sensitive to vertical movements of the torso.  
 
Accelerometers have not been used very extensively in bone research. However in a study 
conducted with children, minutes spent in vigorous activity were found to be highly 
associated with body size and age adjusted bone measures (BMC and BMD) at the hip and 
spine (125). The limited number of studies examining bone mass and accelerometry may be 
due to the fact that there is a considerable cost issue involved in using a device such as the 
Actical in a large study cohort. Large observational or intervention studies can however, still 
make use of accelerometers in a sub sample of a large study population by using 
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accelerometry as a direct assessment method of PA in order to validate self report or proxy 
report PA questionnaires.  
 
3.4.1 Physical Activity and Physical Fitness 
 
There is controversy as to whether a relationship exists between the activity levels of children, 
their aerobic fitness and their level of fatness (233). Furthermore gender and racial differences 
in fitness levels have been shown (8; 9; 148). The vertical jump test seen as the first ‘physical 
test of a man’ was developed by Sargent in 1921 (251), but nowadays physical fitness is 
acknowledged to be comprised of a number of components including flexibility, muscle 
strength, muscular endurance, explosive strength, balance and cardio-respiratory fitness. 
While there is plenty of research that has examined the relationship between physical activity 
and bone mass, few studies have studied fitness and bone mass. Some of the studies that have 
been conducted however, have found close relationships between physical fitness related 
variables and BMD (301; 302), but the relationship has not been examined extensively.   
 
There are a number of different types of individual fitness tests available to test different 
aspects of physical fitness, but few comprehensive batteries of fitness tests exist. Several 
years of co-ordination of European researchers resulted in the identification of an effective 
means of accurately assessing physical fitness in children. The EUROFIT battery of fitness 
tests were developed over a period of 15  years and have been shown to be reliable, simple to 
administer and relevant in respect of  taking into account the school/classroom environment 
(59). The EUROFIT battery of tests include performance and health related fitness 
components testing aspects such as agility, power, cardio-respiratory endurance, strength, 
muscular endurance, body composition, flexibility, speed and balance. These tests seem well 
suited for use in non-European populations too.  
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The relationships between physical activity, physical fitness and health are multifarious. A 
theoretical approach to these relationships has been suggested by Bouchard and Shepard (41). 
The model is shown in figure 3.1 below. Health related fitness refers to physiological and 
morphological characteristics defining risk levels or factors for lifestyle diseases associated 
with being sedentary. Bouchard and Shepard’s model indicates that physical activity shows an 
interaction with health related fitness and health. Their conceptual approach proposes that 
exercise has a direct influence on fitness (endurance, strength, co-ordination) as well as on 
health parameters (BMI, blood pressure, glucose, bone mass) (41). The authors argue that all 
of the above elements should be included in the definition of fitness. This model holds 
particular relevance in developing countries where the social environment and economic 
factors play a large and reasonably fixed role in many children’s lives.  
Figure 3.1 Bouchard & Shepard’s conceptual approach to the relationship between physical activity, fitness and 
health. Adapted from (41). 
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3.3 Socio-economic Status and Physical Activity 
 
Africa is the second largest and most populous continent in the world. It is also the poorest. In 
South Africa, there are major differences in income and wealth distribution between the 
White and non-White populations. Thirteen percent of the estimated 50 million South African 
population lives in ‘first world’ conditions, while about 22 million people (±44%) live in 
‘third world’ conditions. South Africa has high unemployment (26 percent according to the 
narrow definition) and 24 percent of the population lives on less than US$1 per day (203). 
The World Bank is working closely with the South African Cities Network (nine city 
municipalities) in partnership with the South African Local Government Association to 
promote pro-poor city development strategies, with a focus on upgrading urban renewal and 
informal settlements, implementing the Extended Public Works Program, and developing 
urban economic indicators. Nevertheless, the current degree of unemployment, poverty, and 
wealth inequality in South Africa is a major influencing factor on people’s lives.  
 
The influence of social factors is widely recognized in public health and health behaviour 
research and has also been formally recognised as an important determinant of health (180). 
Promotion of physical activity minimizes the development of chronic diseases of lifestyle, 
aids in injury prevention by decreasing fall propensity, contributes to quality of life, and 
improves psychological health (276). Adolescents with a healthy participation in PA are more 
likely to continue being active into adulthood (299). Thus, understanding the factors that may 
influence the adoption of good PA patterns in youth is crucial in order to establish good life 
long patterns of PA throughout adulthood. In South Africa, much of the secular trend toward 
increased body size in adults has been attributed to the process of urbanisation and associated 
socio-economic change. A shift from agriculturally based economies to cash based economies 
has minimized the need for physical labour and increased the demand for sedentary or less 
intensive physical work. Kruger and colleagues (2002), found a significant positive 
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association between household income and obesity measures in South African Black women. 
However, physical inactivity was found to have the strongest association with obesity in this 
study (147). This finding was substantiated by Senekal et al. (2003), who identified physical 
inactivity as an important risk factor for overweight/obesity in South African adults (264). 
Although the literature regarding the relationship between PA and obesity in South African 
children and adolescents has been both scant and controversial, some authors have concluded 
that obesity in adolescents can only be altered by increasing PA and decreasing dietary intake 
at the same time (279).  A recent study by Rush et al. (2007) which examined body 
composition in women from five different ethnic groups in South African and New Zealand, 
found that there is an ethnic specific relationship between BMI and percentage body fat. For 
the same percentage body fat, interethnic BMI was found to differ by more than 10 BMI units 
(greater and smaller) (240). Body composition is an important aspect to consider in the 
context of child and adult health. Wells (2003) reported that lower PA levels may lead to 
reduced lean and increased fat mass and that both of these occurrences may epitomize 
pathways of increased risk of adult disease (315).  The link between low levels of PA and an 
associated increase in the risk for developing obesity emphasizes the need for these problems 
to be addressed in childhood.  
 
Although we commonly assume that PA is a normal part of childhood, a number of studies in 
developing countries have shown that children and adolescents are often very inactive (114; 
287). In recent years, Western developed countries have positioned the promotion of PA in 
childhood and adolescence high on their agenda (294; 318). Developing countries however 
have not paid as much attention to this problem. In South Africa in particular, very little 
research has focused on PA patterns. Specifically, South African children’s current social and 
economic situation and how this relates to their PA patterns has not been examined. Socio-
economic status (SES) has been identified as an important factor influencing PA participation 
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(55). It is well known that children who come from low income families often have limited 
access to resources supporting PA (248). The influence of demographic factors such as 
gender, race and SES provide us with information on variations in PA levels and allow for the 
design and implementation of appropriate programs for different sub groups (248). It has been 
found that leisure time PA in childhood is related to maternal education levels (149). Studies 
have shown that families have an important role to play with regards to a child’s quantity of 
exercise, creating access to facilities and encouragement of team and sport class participation 
(193). Many physical educators and scientists believe that children of active parents tend to 
more active themselves (84; 189).  
 
In summary, there are many influences of and ways to assess physical activity and physical 
fitness. This section of the review has highlighted the strengths and weakness of some of the 
methods used. The collection of physical activity data for this thesis used a combination of 
methods (Acticals, physical fitness testing and PAQ). The physical activity data collected 
however was largely based on the PAQ developed for these studies. This was the most 
appropriate resource to use in this study considering the research objectives, large sample, 
setting and budget constraints. In addition, data gathered from PAQs are useful for 
determining the types of activities children are doing. This is an important consideration for 
South African policy makers and managers, so that proper planning of facilities and other 
services can be accomplished. 
 
3.4 Introduction to Biomechanics and the Adaptive Response of Bone to 
Loading 
 
When a load is applied to bone, deformation will occur, resulting in the generation of internal 
resistance to the applied force. This internal resistance is known as stress. Stress is defined as 
the amount of force applied to a unit area of bone (138). The measurement of deformation, 
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normalized by the original length is called strain. The slope of the stress-strain curve 
represents the stiffness of a bone (amount of force required to deform the bone) (138). Both 
strength and stiffness of a bone are functions not only of bone density, but also of bone 
geometry and trabecular patterns.  
 
In 1892, Wolff proposed that the function of cells responsible for mechanically adaptive bone 
modeling is to ensure that bone mass, geometry and material properties are appropriate to the 
load applied (155).  A more recent revision of Wolff’s law is the Mechanostat Theory 
proposed by Frost (88). The Mechanostat Theory describes a window of mechanical usage 
that should be considered normal or physiological, such that the bone has a system of control 
in which a minimum effective strain (MES) is necessary for bone mass to be maintained. 
When mechanical strains exceed the upper boundary of the MES, bone will undergo modeling 
and change its structure to reduce the local strains to below the MES. In 1999, Turner 
challenged Frost’s Mechanostat Theory in a number of ways. Turner proposed that the 
following assumptions made by Frost do not conform well with experimental observation: 1) 
bone loss, due to disuse declines rapidly to zero- Turner correctly points out that this is not the 
case as in fact bone loss due to disuse slows down with time; 2) the physiological window is 
the same for every bone including non-weight-bearing sites such as the skull; 3) bone 
resorption occurs at the neutral axis; and 4) the loss of oestrogen is considered similar to a 
state of disuse (292). Turner developed a new theory founded on the principle of cellular 
accommodation, based on the assumption that bone cells react strongly to transients in their 
environment, but eventually "accommodate" to steady state signals. Turner postulated that 
weight bearing and non weight bearing sites would have different points at which the cellular 
accommodation would be activated. Nevertheless, Turner does not provide evidence for the 
mechanism involved in cellular accommodation.  
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Approximately two thirds of the variability in bone strength is explained by differences in 
BMC, while other geometric characteristics of bone, such as periosteal diameter and 
distribution of bone explain the remaining third (12; 152). In females, oestrogen inhibits 
periosteal apposition late in puberty but stimulates the acquisition of bone on the endocortical 
surface (293). In contrast, males show an increase in bone strength that is greater than the 
gains observed in BMC, this difference is attributed to greater periosteal bone expansion in 
males compared to females (257).  
 
3.5 Physical Activity and Bone Mass  
 
Most studies that address loading activities in children have been undertaken in elite sporting 
populations, the results of which are not necessarily applicable to normally active children 
(18). In a systematic review of 21 randomized clinical trials in adult women conducted by 
Ernst in 2000, little doubt was left that regular weight bearing exercise could delay or halt 
bone loss in postmenopausal women (72). Fuchs et al. (2001), advocate that one of the most 
cost effective ways to prevent osteoporosis is to increase BMC during childhood, thereby 
developing a stronger skeletal foundation to offset age-related bone loss (90). Peak bone mass 
appears to be influenced by the level of physical activity prior to the age at which the peak is 
reached (16). A recent study conducted by Rideout et al. (2006) demonstrated that physical 
activity of a moderate intensity undertaken in the teenage years has long lasting effects on the 
lumbar spine and femoral neck BMD in postmenopausal women (231).  A review by Ducher 
and Bass (2007) concluded that the evidence in support of the contention that skeletal benefits 
from exercise attained during growth, are maintained into old age is limited (69). While a 
reduction of habitual physical activity appears to be an important risk factor for the later 
development of osteoporotic fractures, dose response studies and studies observing the 
relationship between habitual physical activities in childhood and bone mass and fracture 
incidence in adulthood are needed. 
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Studies have shown improved levels of biochemical bone formation markers in exercise 
intervention studies conducted in adults. After 12 weeks of resistance training in older men, 
osteocalcin concentration increased and remained high after 16 weeks (326). In a similar 
study conducted by Lohman et al. (1995), pre-menopausal women showed increased 
osteocalcin concentrations with five months of resistance exercise training and these levels 
remained elevated after 18 months (162). Fujimara et al.’s (1997) study found similar findings 
viz., increased serum levels of osteocalcin and bone specific alkaline phosphotase (B-ALP) 
after a period of resistance exercise training in men. They concluded that a program including 
resistance exercise augmented markers of bone formation while transiently suppressing a 
marker of bone resorption (92). Yet the effects of exercise on bone in the younger population 
and more specifically during childhood are less well documented. Uncertainties remain with 
respect to the type, intensity and duration of physical activity that lead to an increase in bone 
mass.  
 
Since bone modeling occurs during childhood, exercise is more likely to have a greater effect 
on bone mass during growth than in adulthood. Physical activity is known to have an anabolic 
effect on tissue (60). Sports including heavy loads/loading sports (e.g. gymnastics) are 
associated with greater BMDs than sports generating mechanical loads without additional 
gravitational loads/non-loading sports (e.g. swimming). Courteix et al. (1998) performed a 
study examining two groups of elite pre-pubertal gymnasts and swimmers. No significant 
differences in BMD were found between swimmers and controls. Mean BMD values for the 
gymnasts however, were statistically significantly higher at all sites except for whole body 
and trochanter. This is surprising and is more than likely due to the fact that the skull BMD 
(an unloaded site) was not removed from the analyses. It was however, concluded that 
physical activity in childhood could be an important factor in bone mineral acquisition, if 
sport can induce bone strains during a long term program (60). Bass et al. (1998) also reported 
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pre-pubertal female gymnasts to have a higher bone density after adjusting for bone volume, 
at the femur and lumbar spine compared to age-matched controls (23). Bradney et al. (1998) 
set out to determine whether moderate exercise may influence areal BMD, femoral midshaft 
cortical thickness, periosteal expansion, cortical thickness and volumetric BMD in pre-
pubertal boys. These investigators found that two groups randomly divided into an exercising 
(performing a program of readily accessible exercise, games and sport, three times per week 
for half an hour and for 32 weeks) and non exercising group displayed significant differences 
in bone mass after an eight month intervention program. The children who exercised showed 
twice the increase in areal BMD at all weight bearing sites measured (legs, lumbar spine, total 
body and pelvis) than non exercisers. This group also had increased femoral midshaft 
thickness and volumetric BMD. Their results show that the growing skeleton is sensitive to 
moderate bouts of exercise that is easily accessible to the average child or “non-elite” athlete 
(43). Fuchs et al. (2001) conducted an exercise trial in prepubescent children during which 
subjects followed a seven month exercise regime of 300 jumps at a ground reaction force of 
eight times their body weight. After seven months jumpers had 4.5 and 3.1% greater changes 
in hip and lumbar spine BMD than the controls (90). A follow up study to this showed that 
indeed the bone mass gains were maintained (91) It is evident that a number of studies have 
demonstrated that exercise that can be incorporated into physical education classes and 
everyday exercise regimes for normally active children have beneficial effects on bone mass 
in the growing child.  
 
Studies of extremes levels of activity (very high level activity/very low level activity) show 
that the physical load has an effect on bone structures, but this bears little relevance to the 
effect of physical activity and muscle strength on bone in normal individuals (70). Recent 
research however has begun to demonstrate that even relatively small differences in bone 
mass can be very important. The question then arises, whether or not a general increase in a 
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population’s physical activity levels within the limits of a ‘normal’ lifestyle are sufficient to 
raise BMD to a level that would significantly lower fracture risk? Duppe et al.’s (1997) data 
suggest that high levels of PA within limits of a regular lifestyle may preserve BMD in the 
proximal femur of men (21-42yrs) and contribute to a lower fracture risk (70). 
 
Most of the studies mentioned above have reported changes in BMC and BMD, which are 
surrogate measures of bone strength and are measures which do not account at all or 
incompletely for differences in bone size. Additionally most exercise intervention studies 
have been designed in such a way that they make use of specialized equipment, involve many 
hours and can be difficult to administer. McKay and her group in Canada have shown in a 
number of well conducted exercise intervention studies that along with increases in BMC in 
the femur, there are changes in bone geometry and structural and bending strength associated 
with loading exercise (166-168; 176; 209). In addition to these studies the group has also 
devised a quick, easy to administer and novel jumping program. The program called ‘Bounce 
at the Bell’ requires only a few minutes a day, no equipment and minimal training. Results 
from their study showed enhanced bone mass at the hip in children exposed to a three minute, 
eight month long simple jumping intervention (177). Although the study was conducted with 
a relatively small sample size and only on White and Asian children, their results are 
promising.  A program such as ‘Bounce at the Bell’ would be an ideal and sustainable 
intervention for children living in a developing country, where resources are often limited. 
 
While exercise intervention studies provide the strongest evidence that exercise has a positive 
effect on BMC during growth, observational studies provide a method of assessing normal 
habitual physical activity patterns and their associations with bone mass acquisition in 
children. A limitation of cross sectional studies is that athletes may have a higher bone density 
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prior to entry into the sport, but this can be circumvented in longitudinal studies of bone mass 
accretion.   
 
3.6 Growth and Physical Activity 
 
It has been suggested by Cooper et al. in 1995 that the two components of bone mass i.e. (i) 
the size of the skeletal envelope (BMC) and (ii) the mineral density within that envelope 
(BMD) may be determined by different factors (57). Cooper also suggests that endogenous 
factors (hereditary, hormonal and growth trajectories) influence BMC and environmental 
factors (nutrition and physical activity) influence BMD within that envelope. Cooper explains 
that an individual’s growth trajectory is the most important determinant of BMC and previous 
studies have indicated that this trajectory might be determined well before the onset of the 
pre-pubertal growth spurt. In Cooper’s study physical activity was shown to have the 
strongest influence on BMD. His theory proposes that growth of the skeletal envelope 
“tracks” from early childhood. Tracking refers to the propensity for children who are small in 
relation to their peers of the same age to remain small and vice versa. Physical activity was a 
stronger determinant of BMD in Cooper’s study than calcium intake; this is in keeping with 
Welten et al.’s 1994 study (316). Cooper comments that physical activity appears to adjust the 
mineral density within the skeletal envelope; this may in turn contribute to the possible 
consolidation of bone towards the end of linear growth. Cooper concluded that infant growth 
and physical activity are important determinants of PBM in females. It must be noted 
however, that in Cooper’s study, which involved only females, changes in bone area were not 
taken into account and appropriate body size adjustments were not made.  
 
A number of researchers concur that there is strong evidence suggesting that it is during the 
growth phase that the body may be most responsive to exercise (106; 132; 269). Animal 
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studies have shown that growing bone has a greater capacity to add new bone to the skeleton 
than does an adult bone (122; 198). In humans, Bass et al. (1998) advocate the pre-pubertal 
years as the perfect time for exercise to increase BMD (23). Their study showed that the 
residual benefits of exercise before puberty maintained into adulthood, suggesting a possible 
reduction in fracture risk after menopause. Bass et al. (1998) propose several reasons why the 
pre-pubertal years may be the optimal stage for skeletal response to exercise: 
• Growth is dependant on growth hormone and IGF-1, and exercise is a potent stimulus 
for growth hormone secretion. 
• Pre-pubertal growth is relatively sex-hormone independent.  
Cross sectional data comparing playing and non-playing arms of squash players who began 
training before the onset of puberty are also in support of this view (106; 132). 
 
Bailey et al. (1999) assessed everyday physical activity levels in a group of children with the 
use of a physical activity questionnaire (18). Highly active boys and girls in their study 
accrued nine and 17% greater whole body BMC respectively than inactive children around the 
time of maximal bone mineral accrual and maintained this at all sites one year post peak bone 
mineral content velocity (figure 3.2). Their study was one of the first to demonstrate that the 
growing skeleton responds to normal everyday habitual physical activity by increasing bone 
mineral accrual. However, it was unclear whether their physical activity questionnaire 
excluded non-weight bearing activities such as swimming; and it would have been useful had 
the authors provided some kind of indication as to what kind of activities  ‘active, inactive or 
averagely active’  children were involved in and how much time each category meant the 
child was spending being physically active.  Additionally, Bailey et al.’s (1999) study only 
involved children of Caucasian descent.  
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Figure 3.2 Bone mass accrual (g/year) by inactive, average and active groups for boys and girls 
 *p<0.05, **p<0.001, compared to inactive. Reproduced from Bailey et al. (1999) (18).  
 
A number of  studies using a sport which utilizes one side of the body more than the other 
(unilateral study design) have been conducted and all have shown positive effects on bone 
mass in the playing or experimental arm (107; 132; 280). Longitudinal unilateral studies have 
also found that BMC is greater in the playing side of younger starters (107) and is twice as 
great in children who began playing tennis before menarche than those who started afterwards 
(132). Unilateral studies are well suited for showing the effects of exercise on BMC. A study 
using a unilateral design eliminates genetic, endocrine and nutritional confounders and any 
difference in BMC between each side of the body can therefore be attributed to the increased 
loading pattern due to the intervention or sport played.  
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The study of exercise and BMC during growth must take into consideration a number of 
difficulties. Considerable variability in the rate of maturation between individuals exists. 
Children matched for chronological age, may differ in their skeletal age or stage of pubertal 
maturation and therefore in their response to physical activity. Some studies have shown that 
more mature children show smaller gains in BMC in response to exercise than children who 
are still growing (116; 269). In Heinonen et al.’s (2001) study, in which pre- and post-
menarchal girls participated in a high impact exercise program, only the pre-menarchal girls 
showed an osteogenic response (116; 269). Loading history of children is another factor 
which needs to be taken into account; children who have histories of high intensity exercise 
may not be as responsive to exercise interventions of a lower intensity. Appropriate body size 
adjustments for outcome measures obtained from DXA also need to be taken into 
consideration. 
 
3.7 Interactions between Muscle, Bone and Exercise 
 
The basic morphology of the skeleton is determined genetically. Its final dimensions and 
construction however, are varied by adaptive mechanisms which are sensitive to mechanical 
factors (81). Physical activity affects bone metabolism, especially skeletal remodeling i.e. 
cellular mechanisms of bone formation or resorption (271). Bone resorption decreases 
(inhibits osteoclastic activity) and bone formation increases (stimulates osteoblastic activity) 
in response to exercise (60). Strains on bone greater than those required for steady state 
remodeling will cause a modeling response that increases bone mass in order to meet the load 
requirement. Adaptations in cortical and cancellous bone, reductions in the rate of bone 
turnover and the activation of new bone formation on cortical and trabecular surfaces may be 
affected by applied mechanical loads (81).  
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Rubin et al. (1994) (235) were one of the first groups of investigators to examine the 
relationship between applied dynamic loads and bone formation. Their study concluded that a 
diverse exercise regime may stimulate a greater hypertrophic response than a restricted 
exercise program. Their study showed that only a few cycles of loading were required to 
induce an osteogenic response.  
 
Muscular disuse causes muscle wasting and bone loss and this has been well documented 
(140). On the contrary physical activity increases both muscle strength and bone mass. The 
Mechanostat Theory states that bone gain and loss are determined within ranges of 
mechanical stimulation, bounded by hormonally or metabolically determined set points (46; 
192). The contraction of muscles exerts the major physiological load on the skeleton, and the 
Mechanostat Theory predicts that increasing muscle force creates a stimulus for an increase in 
bone strength (223).  Several studies have shown that increasing BMD may be a function of 
greater muscle strength (119; 214; 272). In a meta-analysis conducted by Bérard et al. (1997), 
physical activity was concluded to be site specific, which is significant in the fact that skeletal 
modeling and remodeling are directly related to the functional requirements of the tissue 
being placed under strain (24).  
 
Neither body weight nor physical activity are independent of muscle mass but muscle forces 
place greater loads on bone than do gravitational forces associated with weight (46). It is well 
established that muscular contraction primarily results in forces applied to bone. In order to 
demonstrate that muscle force dominates skeletal adaptation, greater muscle mass or strength 
would have to be associated with greater bone mass, independent of body size contributions. 
A number of studies have shown correlations, but have not always demonstrated 
independence from other body size measures. Burr (1997) argues that in order to demonstrate 
that muscle forces may govern the adaptation of bone, it may be necessary to show that a 
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decline in bone strength under conditions of disuse/hormonal insufficiencies preceded decline 
in muscle mass, and conversely that muscle strength increases before bone mass under 
conditions of mechanical loading or the re-establishment of hormonal balance (46). Bone 
mass has been found to be closely related and linearly associated with muscle mass 
throughout life. In a study conducted by Ferretti et al. (1998) in 1450 subjects ranging in age 
from two to 87 years, lean body mass was found to be the strongest determinant of whole 
body BMC (76). This finding was corroborated several years later by Vincente-Rodriguez et 
al. (2005), who found that lean mass development is the best predictor of femoral BMC and 
BMD in boys (300). A study conducted by Rauch et al. (2004) concluded that muscle 
development precedes bone development during the pubertal growth spurt, but that the two 
processes may be independently determined by different mechanisms (223).  
 
The muscle-bone unit has not been extensively described during growth. The question of 
whether oestrogen could make growing females add more bone than their physical activity 
demands in order to store calcium for future gestation and lactation was first raised by Frost  
(89; 259). Some evidence suggests that the muscle bone relationship is similar between sexes 
prior to puberty (252). At puberty however, these ratios shift and favour an increase in bone 
mass and area in females per unit of lean tissue (muscle) (259). Studies conducted by 
Schoenau and colleagues show that there is a strong correlation between muscle strength and 
bone geometry, but not between muscle strength and bone mineral density during childhood 
(255).  
 
A variety of hypotheses exist to explain adaptive responses exhibited by bone. Gibson et al. 
(2000) suggest that the beneficial effect of mechanical loading on bone acts through a cellular 
and biochemical pathway, which is amplified by oestrogen, so that when oestrogen is 
withdrawn, the effect of mechanical loading is diminished (96). This view is supported by 
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Lanyon et al. (1996) (155). Ernst (2000) believes that the reaction of bone is mediated by 
strain related electrical responses (72). Kallman et al. (1990) acknowledge that strength, 
muscle mass and physical activity levels may be partially explained by age (130). Proctor et 
al. (2000) comment that additional mechanisms such as circulating sex steroid levels may be 
involved (218). A more recent study conducted by Tobias et al. (2007) on a large cohort of 
children indicates that physical activity has an effect on lean mass, which in turn has an effect 
on periosteal bone growth (284). The study’s authors propose that physical activity exerts a 
positive direct effect on both periosteal bone growth (reflected by height-adjusted bone area) 
and volumetric BMD, and that physical activity indirectly stimulates periosteal bone growth 
as a consequence of its effects on lean mass. In contrast the tendency of physical activity to 
reduce fat mass acts to reduce periosteal bone growth. To date, Tobias et al.’s (2007) study is 
the first comprehensive, well controlled study in a large group of children to propose an 
inclusive theory of all aspects relating to normal habitual physical activity and exercise and 
bone mass in children. Tobias et al.’s work fits in well with the functional model of bone 
development described by Rauch and Schoenau in 2001 (224). The functional model of bone 
development (Fig 3.3) proposes that bone cell action is coordinated by the mechanical 
requirements of bone, such that when mechanical challenges exceed a set point, bone tissue is 
added to the location where it is mechanically necessary. This model is currently the best 
concept describing bone mass accrual during the growing years.  
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Figure 3.3 A functional model of bone development based on the Mechanostat theory. During growth this 
system is continually forced to adapt to meet mechanical challenges. Reproduced from Rauch & Schoenau 
(2001) (224). 
 
3.8 Interaction between Physical Activity and Calcium on Bone Mass 
 
A small number of studies have recently examined the effects of exercise and calcium 
interventions on bone mass (121; 275; 278). Iuliano-Burns et al. (2003) reported main and 
interactive effects for calcium and physical activity interventions at the hip in pre and peri-
pubertal females (121). Stear et al. (2003) also reported enhanced bone mass with a calcium 
and physical activity intervention in adolescent females, although the interactive effect (if 
any) of the two interventions was not reported (278). Another physical activity and calcium 
supplementation intervention conducted in both male and females children showed that 
although physical activity stimulated growth in bone width, the actual amount of bone mineral 
accumulated is dependant on both physical activity level and calcium intake (275). In a 12 
month follow up to this trial, no consistent effect of calcium supplementation on BMC was 
noted (27). 
 
None of these studies have reported on racial effects and all have been conducted in 
developed countries. Currently, there are no longitudinal observational data on the effects of 
naturally occurring habitual physical activity and calcium intakes on bone mass accretion in 
ethnically diverse populations in developing countries such as South Africa. Studies which 
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have examined naturally occurring habitual physical activity patterns and calcium intakes in 
other countries, have typically only reported data for short time periods (one week or less) 
(234). Additionally, most studies have reported on the association between physical activity 
and BMC, and the issue of whether habitual exercise increases bone size as well has not yet 
been clarified. Only one other study has examined bone measurements in pre- adolescent girls 
living in South Africa. Micklesfield et al. (2004) used ultrasound to measure bone density and 
questionnaires to assess dietary calcium intake and physical activity, they reported that dietary 
calcium intake was lower in White girls compared with Black girls and reported no difference 
between ethnic groups for an energy expenditure score, but did report higher bone strain 
scores in White girls compared with Black girls (188). The calcium data presented in the 
abovementioned study should be interpreted with caution as children were not asked about 
specific quantities of calcium rich foods, but only reported on the frequency of eating foods 
high in calcium. The composite calcium score that the group used may not have been 
sensitive enough to pick up absolute differences in dietary calcium intake between race 
groups.  
 
With the rising incidence of diseases of lifestyle, including an exponentially increasing hip 
fracture rate in the ageing population in developed countries (185), scientists are advocating 
physical activity and calcium intake as important modifiers of bone mass. This research is 
particularly important in countries where a more sedentary lifestyle is becoming the norm and 
where physical education no longer forms part of the school curriculum. The situation in 
South Africa is of particular interest since South African Blacks are reported to have among 
the lowest hip fracture rates in the world (253; 274), as well as lower than recommended 
calcium intakes (211), but life styles are under rapid transition currently.  
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3.9 Conclusion 
 
A review of physical activity and bone mass literature reveals a wealth of findings. This 
literature review has examined both adjustable and non-modifiable factors affecting BA, 
BMC and BMD. It has inspected the literature with regards to energy expenditure, peak strain 
physical activities and the type, intensity and duration of physical activities best suited to 
enhancing PBM. Growth and physical activity as well as mechanisms of action have also all 
been scrutinized. Yet it remains evident that research conducted in a South African context is 
extremely limited. South African children’s physical activity and bone mass patterns have not 
been established. Before we can make inferences with regards to South African children and 
their bone development, we must examine these facets in more depth. This study aims to do 
this by addressing a number of research questions raised by this review. 
The major unresolved issues concerning physical activity and bone mass in children living in 
South Africa include, but are not limited to the following: 
 
1. A comprehensive physical activity questionnaire has not been validated within a 
population of South African children, nor have normal habitual physical activity 
patterns been examined in a group of Black and White South African school children. 
2. Fitness levels and their relationship with body composition measures and their 
correlation with physical activity indices as recorded by a questionnaire in South 
African children are not known.  
3. Are there differences in physical activity and bone mass acquisition patterns between 
racially diverse children living in South Africa? 
4. Is the association of exercise on bone mass measures similar in Black and White South 
African children, despite different calcium intakes? 
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3.10 Hypotheses  
 
1. The Physical Activity Questionnaire (PAQ) will be positively correlated with 
objective measures of physical activity (actigraphy and fitness testing), and is a valid 
and reliable assessment tool in a racially diverse group of South African school 
children. 
2. Fitter children will report higher levels of activity on the PAQ and will have a leaner 
body composition profile as measured using DXA. 
3. Physical activity patterns are influenced by a number of factors including race, gender 
and socio-economic status. Children from a higher socio-economic background will 
exhibit higher levels of physical activity. 
4. Regardless of gender or race, children who are highly physically active will have 
better bone mass at all weight bearing sites. 
5. Bone mass acquisition patterns over a one year pre-pubertal period will be similar 
between race groups, but not between gender groups. 
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Chapter 4: Methods 
______________________________________________________________________ 
 
4.1 Introduction 
 
The Birth to Twenty Study (Bt20) is an observational longitudinal study of child health and 
development of children living in post-apartheid South Africa (79; 229; 230; 325). It was 
initiated over a period of seven weeks in 1990, the same year that Mr. Nelson Mandela was 
released from prison. The Bt20 study is a collaborative study involving academics, 
researchers, service providers, universities and health departments. All children born within 
the greater Johannesburg metropolitan area in South Africa over the seven week period were 
enrolled into the study. During this time there were 5460 singleton births in the area, but only 
3273 children were established to have been born to women who were residents in the Greater 
Johannesburg area for at least the first six months of the child’s life (229). Thus the total 
number of children who were originally recruited totalled 3273. In 1999 a child Bone Health 
study (approved by the Committee for Human Research of the University of the 
Witwatersrand, South Africa, Ethics number: M980810 and M050226) was initiated using a 
convenience sub sample of the original group with an annual follow-up of 623 children. The 
main aims of the Bone Health study were to investigate a multitude of environmental and 
hereditary factors which may influence bone mass acquisition in a group of Black and White 
South African children (200). The children were enrolled into this study at the age of nine 
years. Cross checks were performed to ensure that there were no significant differences 
between the Bt20 and Bone Health cohorts for key demographic variables (residential area at 
birth, maternal age at birth, gravidity, gestational age and birth weight). The Bone Health 
Cohort was utilised in this study to assess the association of environmental and lifestyles on 
PA and bone mass accretion. 
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The methodology described in this chapter is divided into five parts.  Parts one and two are 
primarily methodological studies, while parts three, four and five tackle the main research 
questions. As a sum however, all parts engage in an attempt to explore the main research 
question regarding the associations of physical activity, bone mass and lifestyle within a 
young South African racially diverse population.  
 
Part one (4.2) details the methods used in a cross sectional Actical study which was conducted 
in order to validate our physical activity questionnaire (PAQ). Our questionnaire is based on 
well established questionnaires in the literature (102; 206; 246) that have been previously 
validated. However, since we modified our questionnaire to be more appropriate for a South 
African population and to capture time spent in informal activity, it was necessary to validate 
it in a South African group of children. Data collection for this part of the thesis took place at 
a local primary school with children recruited from outside of the Bone Health cohort. 
Actigraphy was used as an objective measure of activity for this study, and data obtained from 
the Actical (Mini Mitter Co., Inc., Bend, OR) was compared with data obtained from the 
physical activity questionnaire (PAQ). The PAQ was used to attain a measure of physical 
activity throughout the studies. It was easily administered to a large sample of children who 
were observed annually. Due to budget and logistical constraints, we were unable to use 
Actigraphy in a larger sample of children.  
 
The second part (4.3) of the methodology chapter expands the validation of the PAQ and 
describes the methods of a cross sectional Fitness Study involving the use of two measures of 
physical activity (PAQ and a battery of fitness tests) and measures of body composition 
(DXA and anthropometry). This study was conducted with a sub-set of the Bone Health 
cohort children and data collection took place both at the Birth to Twenty offices as well as in 
the Exercise Physiology Laboratory situated in the School of Physiology at the University of 
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the Witwatersrand Medical School. This study was conducted to assess whether fitness levels 
in this cohort of children were higher in those children reporting higher levels of physical 
activity on the PAQ. Additionally, the study sought to examine whether fitter children had 
leaner body composition and whether there were race and gender differences for these 
variables within the group.  
 
The rest of the data obtained for this thesis (parts three (4.4), four (4.5), five (4.6)) were 
gathered from children who are part of the Bone Health study. Data were obtained on an 
annual visit, whereby children and their primary caregivers came to the Birth to Twenty 
offices situated in the University of the Witwatersrand Medical School, Johannesburg South 
Africa for their annual appointment. A team of data collectors and researchers (including 
myself) would then collect the necessary data. All DXA scanning was done by a qualified 
DXA technician, and the same technician performed all the scans during the duration of the 
data collection for this study. Annual visits for data collection followed the same procedures 
each year.  
 
The procedure was as follows: 
 
• Appointment made with family 
• Child and primary caregiver arrive at Bt20 offices 
• Informed consent obtained from both child and primary caregiver (example 
provided in appendices 1 and 2) 
• Interviews conducted with both child and primary caregiver (PAQ (Appendix 
3), SES questionnaire (Appendix 4), nutritional questionnaire (dietary recall 
and food frequency), historical data questionnaire, sleep questionnaire)  
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• Anthropometric measurements (height, weight, skin folds (supra-iliac crest, 
tricep, sub-scapular, bicep), limb lengths)  
• DXA scan (whole body, mid-shaft radius (non-dominant), left hip (femoral 
neck), lumbar spine (L1-4) , lean and fat mass) 
• Blood drawn and urine sample taken (biochemical analyses)- (data not 
included as this is beyond the scope of this thesis) 
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The design of the all studies and testing of the hypotheses related to this thesis are shown in 
Figure 4.1 
 
Figure 4.1 Schematic representation of thesis outline 
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4.2 Part 1 - Actical Study 
 
The nature of the Bt20 longitudinal study and the large sample size of children involved in the 
Bone Health study meant that assessment of PA with the use of Acticals was not viable in this 
sample of children. This was primarily due to the high cost involved in purchasing Acticals as 
well as logistical issues regarding collection and attachment of Acticals. The children 
involved in the Bt20 study live in widely distributed areas across Johannesburg, making it 
difficult for them to come to our offices more than once per year or for them to be visited at 
home on a regular basis. The PAQ was therefore chosen as an assessment tool of PA in this 
large group of children due to its ease of administration, low cost and subject burden and 
applicability in large observational research. As previously mentioned the PAQ that was used, 
is based on questionnaires which have been previously validated (102; 206; 246), however, 
some of the questions were modified in order to make them more appropriate to assess the 
activities of a sample of South African children. It was therefore necessary to validate the 
PAQ by assessing the relationship between responses provided by subjects and actual Actical 
measures in a smaller group of children not involved in the Bone Health study. Although 
Acticals do have limitations as detailed in Chapter 3, they have also been shown to have good 
correlations with other measures of PA (312). 
The aims of the Actical Study were therefore to: 
• Determine the relationship between METPA as estimated from the PAQ and activity 
counts as measured by the Actical. 
• Determine the degree of the relationship between time spent in sedentary and vigorous 
activities as reported by the subjects on the PAQ and time spent in sedentary and 
vigorous activity measured by the Actical.  
• Determine whether the weekly and yearly PA scores obtained from the PAQ are 
consistent and reproducible. 
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4.2.1 Subjects 
 
Data for the Actical Study were obtained from a convenience sample of children recruited 
from a public primary school in Johannesburg. For this study a total of 30 Black and White 
children aged between nine and 11 years of age volunteered and participated in a four day 
Actical and PAQ based validation study. As this was an exploratory study, it was estimated 
that a sample size of 28 (four groups of 7 subjects) was required to detect a 10% difference in 
activity counts with 90% power at the p < 0.05 level. Children who were unhealthy or unable 
to participate in physical activity were excluded from the study. All children and caregivers 
gave written informed consent for all studies discussed. 
 
4.2.2 Anthropometric Measures 
 
The height of each child, recorded to the nearest millimetre, was measured using a 
stadiometer (Holtain, UK), and weight, recorded to the nearest 100 gram, was measured using 
a digital scale (Dismed, USA). Both devices were routinely checked every three months 
throughout the study period and no adjustments were necessary to calibrations of the 
equipment. Subjects were measured with light clothing and no shoes. Height and weight 
measures were used to calculate Body Mass Index (kg/m2) (BMI) using the standard method 
of dividing body mass (kg) by height squared (m). Forearm length, needed for radial and ulna 
DXA analyses (in later studies presented in thesis), was measured as elbow to wrist length 
taken between the posterior point of the olecranon and the most distal palpable point of the 
styloid process of the radius.  
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4.2.3 Physical Activity Questionnaire 
 
An interviewer-administered PAQ was developed to estimate the time each subject spent 
doing physical activities in the preceding year. This questionnaire was adapted for the Actical 
Study to also record the PA of the school aged boys and girls in the preceding week to the 
interview and the week of the Actical assessment (see fig 4.3 for more detail). The 
questionnaire measured the total time spent on all habitual PA in relation to school, sports (at 
school and outside of school), and commuting to and from school and other leisure time 
activities (including informal activities, sedentary activities such as TV watching etc) during 
the week and on the weekend (Table 4.1). Physical activity was scored in two ways as 
calculated from the questionnaire: 1) for all subjects, all activities were rated according to 
their metabolic intensity based on the method of Ainsworth et al. (1993 and 2000) (3; 4). The 
metabolic equivalents described in Ainsworth’s 1993 paper were used for this thesis. Since 
the first year of data for the Bone Health study was collected in 1999, the metabolic 
equivalents described in Ainsworth’s initial 1993 paper and not her 2000 paper continued to 
be used for the purposes of comparison. The metabolic physical activity score (METPA) was 
calculated by multiplying the intensity (multiples of basal metabolic rate (metabolic 
equivalents)) by the duration of the activity (hrs/wk); and 2) a mechanical physical activity 
(MECHPA) score was calculated by multiplying the peak bone strain (ground reaction forces 
as multiples of body mass) by duration (hrs/wk)). This score is based on the method of 
Groothausen et al. (103) and has been used recently by Kemper et al. (134), however we 
modified this by multiplying the estimated ground reaction by duration because the original 
measure did not include duration or frequency. Thus a sum score for both METPA and 
MECHPA was calculated as the sum of all METPA or MECHPA scores for each activity 
(182). Only METPA scores were used for parts one and two of the thesis (The Actical and 
Fitness Studies), however MECHPA scores were used in parts three, four and five; so the 
method is explained in this section for purposes of clarity later on in the chapter.  
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Table 4.1 Summary of main items used in physical activity questionnaire 
1. Commuting/transportation
i. Method of transport to and from school (car/bus/train/bicycle/walk/other)
ii. Mean daily time taken to school and back from school
iii. Pace of walking/cycling (if applicable)
PA SCORE: Mean transport time to school in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
2. Activities at School
a. Physical Education
i. Number of lessons attended per week
ii. Type of activity performed
iii. Duration of lesson
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
b. Extramural activities at school
i. Type of sports/activity participation 
ii. Number of months that sport is played for
iii. Number of practices attended per week
iv. Length of practice
v. Number of matches played per week
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
3. Organised activity outside of school (private extra mural activities)
i. Type of sports/activity participation 
ii. Number of months that sport is played for
iii. Number of practices attended per week
iv. Length of practice
v. Number of matches played per week
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
4. Unorganized activity
i. General leisure activities (e.g. riding a bike, playing in the street)
ii. Times per week
iii. Hours per time
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
5. Sedentary activity
a. During week
i. Hours per day spent watching TV and videos
ii. Hours per day spent drawing, music lessons, homework
iii. Hours per day spent playing video games
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
b. During weekend
i. Hours per day spent watching TV and videos
ii. Hours per day spent drawing, music lessons, homework
iii. Hours per day spent playing video gam
PA SCORE: Mean activity time in minutes per week
METPA SCORE: MET VALUE (for specified activity) * PA score
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4.2.4 Physical activity monitor-Acticals 
 
Children in this study wore Actical (Mini Mitter Co., Inc., Bend, OR) accelerometers 
(hereafter referred to as Acticals) affixed on their left hip, slightly above the iliac crest, with 
an elastic belt for a period of four consecutive days. It was positioned in this way so that 
acceleration of the displacement of the hip could be measured and so that the Actical would 
also be sensitive to weight bearing movements. Acticals are the newest and smallest 
accelerometers (28 X 27 X 10mm, 17g with a battery) currently available. When positioned 
on the hip, the device is extremely sensitive to vertical movements of the torso. Activity was 
measured in one minute epochs (the recommended epoch length (53)) over a period of four 
days. Acticals sum 32 values in a 1 second window, divide the sum by four and then add this 
result to the accumulated value for the epoch. In this study, sixty, one second values were 
summed together to generate one resultant raw activity datum (counts) for each one minute 
epoch (220). The subject’s age, weight, height and gender were entered into the Acticals 
memory so that total energy expenditure and physical activity counts could be estimated using 
the manufacturer’s equation. The Actical is activated when the subject’s information is 
entered into the unit via a computer interface, and inactivated when the information is 
downloaded to a computer. A new battery was fitted to each Actical before activation. Figure 
4.2 represents typical data output using whole day accelerometry, with movement count cut-
off points for varying levels of activity. The activities were divided into three categories: 
sedentary, moderate and vigorous activity. The cut points for defining the boundaries for 
moderate activity (3 METs)  and vigorous activity (6 METs) vary among studies (85). For the 
purposes of this study 3 MET activities were defined as counts from 1200-2999 and 6 MET 
activities corresponded to counts equal to or greater than 3000 counts. These values were 
based on the accelerometer thresholds defined by Treuth et al. (2004) (285).  
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Figure 4.2 Typical Actical data output from whole-day accelerometry. The data shown in Black is indicative of 
an active child, while the pink lines show counts from a less active child.  
 
4.2.5 Study Design 
 
Data collection took place over a two week period as depicted in figure 4.3 below. The past 
week PAQ was administered on the Thursday prior to the Actical assessment. This 
questionnaire examined all activity and inactivity that subjects had undertaken in the past 
seven days. The past year PAQ was administered the next day (Friday- Day one of the Actical 
Assessment) and examined all activity and inactivity that subjects had undertaken in the past 
year. The Actical assessment period then took place over four days, from and including a 
Friday, Saturday, Sunday and Monday, such that data from both week day and weekend 
activity was obtained. The data collected from the Acticals were then downloaded onto a 
computer program (Actical v2.000.7 by Mini Mitter Co., Inc) and comparisons were made 
with data obtained from the PAQs. Children were asked to behave as they normally would for 
the four days of the study and to wear the Actical at all times except when bathing or 
Sedentary Activity 
Moderate Activity 
Vigorous Activity 
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showering. The accelerometers were brought to the child’s classroom and collected again four 
days later. All procedures were explained to study participants in detail; they were shown how 
to attach the Actical to their hips and the PAQ was interviewer administered on both 
occasions. The past week PAQ was administered for a second time one week after the first 
administration (following Thursday) in order to assess whether the week during which 
subjects wore the Actical was representative of a normally active week for the subjects. The 
past year PAQ was administered again the next day (Friday) to ascertain whether the data 
obtained on the past year questionnaire was reproducible.  
 
Figure 4.3 Schematic representation of Actical Study design 
 
4.2.6 Data Analysis 
 
All data were analysed using SPSS for windows v12.0 (SPSS Inc, Chicago, IL, USA). Both 
parametric and non parametric statistical tests were used due to the fact that the distributions 
of activity estimates were positively skewed. For this part of the thesis, statistical analyses 
were performed for White and Black males and females together since independent Analysis 
of Variance (ANOVA) tests revealed no significant differences in physical activity variables 
between the groups in the present sample. In order to assess the magnitude of the relationship 
between Actical measurements and those reported by the subjects on the PAQ, Pearson 
product-moment correlations were performed. Intra class correlation coefficients (ICCs) were 
utilized to evaluate the reproducibility of the estimates of physical activity obtained from the 
Past year PAQ 1
Past week PAQ 1 Actical Day 1 Actical Day 2 Actical Day 3 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
Actical Day 4 Past week PAQ 2 Past year PAQ 2
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
Week 2 
Week 1 
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PAQ questionnaire. An alpha of 0.05 was set a priori (for all hypotheses tested in the thesis) 
to determine the level of statistical significance. 
 
4.3 Part 2 - Fitness Study  
 
Physical activity may not necessarily be synonymous with physical fitness. PA is a complex 
concept which can be separately determined by different indicators (298). Assessment of PA 
is based on the quantification of these factors. There is controversy as to whether a 
relationship exists between the activity levels of children, their aerobic fitness and their level 
of fatness (233). Furthermore gender and race differences in fitness levels have been shown 
by previous investigators (8; 9; 148). It is therefore important to measure as many factors and 
facets of physical activity as possible. This study sought to: 
 
• Determine whether there are gender and race differences in fitness levels in a group of 
11-13 year old children. 
• Determine whether children who report being more physically active (i.e. have a 
higher METPA score) on the PAQ are fitter and vice versa. 
• Determine whether children who are fitter have leaner body composition indices.  
 
4.3.1 Subjects 
 
Data collection for this study took place over a two year period and was comprised of a 
convenience sample of children. The first 70 consenting subjects from the Bone Health 
Cohort categorised into selected race and gender groups were used to participate in the Fitness 
Study. One subject was excluded as her heart rate data could not be retrieved (n=69). A 
sample size of 64 (four groups of 16 subjects) was required to detect a 6% difference in 
fitness score with 80% power at the p < 0.05 level. A total of 70 subjects were recruited (17-
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18 subjects per group) to account for a 10% chance of not being able to retrieve heart rate data 
properly. Subjects were all healthy and aged between 11 and 13 years at the time of testing. 
The sample was comprised of 19 White males, 21 Black males, 12 White females and 17 
Black females. The following measurements were conducted on all subjects. 
 
4.3.2 Anthropometric measurements 
 
The same anthropometric measures described in section 4.2.2 were conducted on the subjects 
for this part of the study. 
 
4.3.3 Questionnaires 
 
The retrospective PAQ as described in section 4.2.3 was used. The questionnaire assessed all 
previous activity in the 12 months prior to the fitness assessment. For this part of the study, 
only METPA scores were calculated and used from the questionnaire as detailed in section 
4.2.3. Additionally children completed a Physical Activity Readiness Questionnaire (PAR-Q) 
prior to beginning the battery of fitness tests. This was to ensure that all children were healthy 
and able to perform in a variety of physical activity tasks. 
 
4.3.4 Fitness testing 
 
A battery of fitness tests, based largely on the EUROFIT battery of tests (59) was conducted 
on all study participants. The battery of tests that subjects performed included: a 10-metre 
shuttle run test where subjects ran between two markers placed 10 m apart as quickly as they 
could (time taken to complete 10 shuttles was recorded (s)) ; sit-ups (maximal number in 30 
seconds); and a standard three minute bench step test was used to measure aerobic power of 
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the subjects. The height of the bench (0.3m) was kept constant throughout the study. Subjects 
wore a polar heart rate monitor (Polar S120, Polar Electro, Kempele, Finland) for the duration 
of the stepping test.  The bench test was performed at a constant step rate of 25 steps per 
minute as determined by a metronome. In this way, work rate between subjects remained 
constant at approximately 50 watts for all subjects. A mean resting heart rate was recorded for 
a period of five minutes before exercise began; thereafter heart rates were recorded every five 
seconds during the three minute exercise period as well as for two minutes after exercise had 
stopped. The time taken to fall to 150 percent of the resting heart rate during the recovery 
period was termed the t-half and was used as the ‘performance’ marker for this task (109). 
Grip strength was assessed using a hand held dynamometer (JAMAR Hydraulic Hand 
Dynamometer, Lafayette Instrument J00105, USA). Subjects performed three trials with each 
hand and an average of the two hands was recorded. Results were recorded in kilograms. The 
dynamometer was set at a level most comfortable for each subject and measured in a standing 
position with the shoulder adducted and neutrally rotated and the elbow in full extension. The 
shuttle run, sit up and bench test tasks were used in the calculation of a Fitness Score for each 
participant. The standard performance data (distances, times and repetitions) for each task 
were included into the calculation of the Fitness score, which was based on the method 
described by Leyk et al. (2006) (157) in their Physical-Fitness-Test study. Performance on 
each of the three tasks was scored according to a three point system, whereby zero indicated 
worse performance (slower time, less reps etc) and three was the best score the participant 
could achieve on the task. The fitness score cut-off’s were determined by dividing the 
responses from the children into tertiles so they acted as their own assessment of fitness. A 
child who did a high number of sit ups and completed the shuttle run task in a quick time for 
example would score a three for both those tasks. A composite score of each subject’s total 
score on each of the three tasks was then calculated resulting in a maximum score of nine and 
a minimum score of zero. Subjects scoring between zero and two were assigned a Fitness 
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Score of one, children scoring a three, four or five were assigned a Fitness Score of two and 
subjects scoring a six, seven or nine were assigned a Fitness Score of three. A schematic 
representation of the scoring method is presented in figure 4.4. 
TASK
Shuttle run (score 0-3) 0 - 2 1 (‘less fit’)
Sit ups (score 0-3) sum of scores (0-9) 3 - 5 2
Bench Test (score 0-3) 6 - 9 3 (‘most fit’)
FITNESS SCORE
  
Figure 4.4 Schematic representation of scoring used to calculate Fitness Score for each subject. Based on and 
adapted from method described in Leyk et al. (157). 
 
4.3.5 Body Composition Measurements 
 
Whole body scans were performed using a Hologic QDR 4500A dual-energy X-ray 
absorptiometer (Hologic, Waltham, Mass., USA) in array mode according to standard 
procedures. The data were analyzed with the software supplied by the manufacturer, version 
11.2. A spine phantom was scanned daily to determine the intrinsic coefficient of variation of 
the machine. A trained DXA technician performed all scans, and intra-observer variation in 
this study was found to be below 1% for all sites measured. The whole body scan enabled the 
assessment of whole body lean and fat tissue (g) and percentage body fat (%). 
 
4.3.6 Data analysis 
 
The Fitness Score was used as a categorical independent variable in multivariate ANOVA 
tests to assess if differences in body composition, bone mass and PAQ indices existed 
between different classifications of fitness levels.  Data were analysed for the whole group 
and separately for each race and gender group as differences between some groups were 
found for some variables measured. Chi squared tests were used to assess if percentages of 
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subjects from each race and gender group falling into each category of Fitness Score were 
equal. An alpha level of <0.05 was considered to be statistically significant.  
 
4.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study 
 
This section describes the methodology of a study conducted on the Bone Health cohort to 
assess the associations between physical activity and bone mass in Black and White South 
African children at age 9 years (182). The purpose of this study was firstly to describe normal 
habitual naturally occurring physical activity patterns in a group of South African children for 
the first time, and then to explore the association and relationship between physical activity 
levels and bone mass in this racially diverse pre-pubertal group of children. This study 
assessed the association between physical activity (sedentary activity, sports participation and 
intensity, commuting to and from school (active and passive)) and bone mass in 386 healthy 
nine-year-old Black and White, male and female South African children.  
The study sought to determine whether: 
 
• higher levels of physical activity (a greater METPA score) as estimated from the PAQ 
would be associated with a higher bone mass;  
• the type of sport played influences bone mass (sports with a higher MECHPA score 
would have a greater osteogenic effect);  
• there are differences in activity level between race groups  
 
4.4.1 Subjects 
 
Although 623 children were originally enrolled into the Bone Health Study, complete data for 
this study were available for 386 children. Subsequent cross checks were performed between 
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this study sample (n=386) and the Bone Health cohort (n=623) to ensure representation. 
Subjects were all healthy and aged nine years at the time of testing. Children who had asthma 
or who were suffering from any other disorder likely to affect bone metabolism were 
excluded from the study. The sample comprised of 44 White males, 158 Black males, 38 
White females and 146 Black female children. The smaller numbers of White children is 
indicative of the racial distribution in South Africa. Fewer White than Black children were 
born during the period of enrolment into the study.  
 
4.4.2 Anthropometric measurements 
 
The same anthropometric measures described in section 4.2.2 were conducted on the subjects 
for this part of the study. 
 
4.4.3 Questionnaires 
 
All subjects completed an interview with the caregiver present. Subjects were asked about 
past medication, known diseases and pubertal development (by Tanner hair development 
(201; 281)). Dietary calcium intakes were assessed using a 24 hour dietary recall 
questionnaire as well as a Food Frequency Questionnaire (169). The PAQ as described in 
section 4.2.3 was used. Both METPA and MECHPA scores were calculated from the 
questionnaire and used in the analyses of this study as detailed in section 4.2.3. 
 
4.4.4 Bone Mass Measurements 
 
We measured whole body and site specific bone mineral content, area and density using a 
Hologic QDR 4500A dual-energy X-ray absorptiometer (DXA) according to standard 
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procedures. A lumbar spine phantom was scanned daily to determine the intrinsic coefficient 
of variation of the machine. During the course of the study, coefficients of variation for BA, 
BMC and BMD were 0.47, 0.78 and 0.35%, respectively. DXA scans were performed on the 
non-dominant radius (mid-shaft), left hip (femoral neck), lumbar spine (L1-L4), and whole 
body. The whole body scan enabled the assessment of whole body lean and fat tissue (g) and 
percentage body fat (%). Sub total whole body values (total body – head) were used as we 
considered the head to be an unloaded region. 
 
4.4.5 Data Analysis 
 
Two kinds of relationships with bone mass, race group and PA were investigated. Firstly, 
METPA and MECHPA scores were included as categorical variables (divided into quartiles) 
and analysed separately for Black and White children. Secondly, METPA and MECHPA 
scores were log transformed (data were negatively skewed) and correlated with bone mass 
variables separately for White and Black children using Pearson and Spearman Rho 
correlation coefficients. All data are presented as mean (standard deviation), unless otherwise 
noted. Data were analyzed using SPSS v12.0. An ANOVA was performed for all physical 
activity and bone and body composition measurements. Bone mass differences within 
METPA and MECHPA quartiles and between race groups were assessed using a multivariate 
ANOVA. The Bonferroni multiple comparison test was used to assess group differences. Chi-
Square tests were used for categorical variables. DXA data is reported both with and without 
adjustment for height and weight. An alpha level of p<0.05 was considered to be statistically 
significant. 
 
 
 
 88 
 
4.5 Part 4 - Socio-economic Status and Physical Activity Study 
 
This section describes the methodology of a study conducted on the Bone Health cohort to 
assess the associations between socio-economic status, physical activity and body 
composition in Black and White South African children at age nine years (183). Physical 
activity and inactivity patterns in nine year old South African children were examined and the 
amount of PA by gender, socio-economic status and maternal (primary caregiver) SES 
characteristics such as marital and employment status, as well as level of education was 
considered. The study also sought to examine body composition patterns in relation to SES 
and other sedentary behaviours such as television watching. 
The study sought to determine whether: 
 
• access to amenities including electricity, television, motor vehicles etc. is equal across 
the sample; 
• socio-demographic variables such as maternal education, maternal marital status and 
SES are associated with the subjects’ physical activity levels; 
• SES is related to body composition profiles, hours spent watching television and PA 
levels. 
 
4.5.1 Subjects 
 
This study included data obtained from the primary caregiver (defined as the mother for 
purpose of this study) and children participating in the Bone Health Study. Satisfying these 
requirements resulted in complete paired data for 381 children and mothers. There were five 
less children included in this analysis as compared to the study described in 4.4.1 (Part 3) as 
complete mother and child data were not available for these five subjects. Subsequent 
crosschecks were again performed between this study sample (n=381) and the Bone Health 
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cohort (n=623) to ensure representation. Key demographic variables were similar and there 
were no differences in proportions of children in SES and race groups between this study 
sample and the original group. Subjects were all healthy and aged nine at the time of testing. 
The sample for this study comprised of 43 White males, 157 Black males, 38 White females 
and 143 Black females.  
 
4.5.2 Anthropometric measurements 
 
The same anthropometric measures described in section 4.2.2 were conducted on the subjects 
for this part of the study.  
 
4.5.3 Questionnaires 
 
All subjects completed an interview with the primary caregiver present. We examined past 
medication, known diseases, socio-economic and medical history, pubertal development and 
physical activity. Primary caregivers answered a number of questions regarding their social 
and economic status. This study utilised an asset indicator approach (44) by formulating a 
composite score from 11 bivariate factors (house type, electricity, indoor flushing toilet, 
indoor running water, television, motor vehicle, refrigerator, microwave, washing machine, 
video machine and telephone) which were asked in the interview. From the asset indicator 
score the sample was divided into quartiles ranging from low to high SES. Mothers of the 
subjects also answered questions regarding their marital status and levels of education. The 
PAQ as described in section 4.2.3 was used. Only METPA scores were used in the analysis of 
this data set.  
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4.5.4 Body composition measurements 
 
The whole body scan obtained from the DXA (as described in section 4.3.5) enabled the 
assessment of the whole body lean and fat tissue (g) and percent body fat (%).  
 
4.5.5 Data analysis 
 
Descriptive statistics were used to describe the physical features of the sample. Univariate 
analysis was used to determine racial and gender differences in physical activity. Factors 
contributing to the asset indicator score were identified as significant contributors through a 
factor analysis. Figure 4.5 below shows how the SES quartiles were calculated. The asset 
indicator score ranged from one to 11 and children were divided into four quartiles based on 
these scores. The analysis compared the prevalence of children falling into each of these 
quartiles in terms of percentages of PA and inactivity behaviour by socio-demographic 
background (maternal marital status, maternal education level and socio-economic score). 
Cross tabs with chi-squared tests were used to assess differences across ordinal variables such 
as education and support. Multivariate analysis with confounding variables controlled for was 
used to assess lean mass differences across activity and television quartiles. Number of hours 
spent watching television was used as indication of sedentary behaviour. These scores were 
divided into quartiles ranging from less active to highly active. An alpha level of p<0.05 was 
considered to be statistically significant. 
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Factor Amenity Response Score
1 House Type Formal (brick structure) 1
Informal (non-brick structure) 0
2 Electricty Yes 1
No 0 Quartile 1
3 Indoor Flushing Toilet Yes 1
No 0
4 Indoor Running Water Yes 1 Quartile 2
No 0
5 Television Yes 1
No 0
6 Motor Vehicle Yes 1
No 0
7 Refrigerator Yes 1
No 0
8 Microwave Yes 1 Quartile 3
No 0
9 Washing Machine Yes 1
No 0 Quartile 4
10 Video Machine Yes 1
No 0
11 Landline Telephone Yes 1
No 0
SCORE RANGE: 0-11
 
Figure 4.5 Calculation of asset indicator score 
 
 
4.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study 
 
This section describes the methodology of a study conducted on children from the Bone 
Health cohort, to examine bone mass changes over a 12 month period in a group of Black and 
White South African pre- and early-pubertal children and to explore these changes in relation 
to habitual physical activity levels and calcium intakes (181).  
The study sought to determine: 
 
• whether BA and BMC gains were similar across racial groups and between children 
with varying levels of habitual physical activity; 
• whether residualized BA and BMC values were similar between race and gender 
groups across varying levels of habitual physical activity, and whether dietary calcium 
intake has a synergistic effect with physical activity level.    
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4.6.1 Subjects 
 
This study included data obtained from children in the Bone health cohort, for whom we had 
complete data at age nine and 10 (n=321). Subsequent crosschecks were again performed 
between this study sample (n=321) and the Bone Health cohort (n=623) to ensure 
representation. Subjects were all healthy and aged nine years (9.51 (0.27)) at visit one and 10 
years (10.54 (0.27)) at visit two. Children who were asthmatic or suffering from any disorder 
likely to affect bone metabolism were excluded from the study. Complete data for the two 
annual visits, spaced one year apart were available for 321 children. The sample was 
comprised of 31 White males, 141 Black males, 27 White females and 122 Black females 
 
4.6.2 Anthropometric Measurements 
 
The same anthropometric measures described in section 4.2.2 were conducted on the subjects 
for this part of the study. 
 
4.6.3 Questionnaires 
 
The same set of questionnaires described in earlier sections was completed on both occasions 
by the children, with their caregiver present. We examined past medication, known diseases, 
and pubertal development (by Tanner hair development (281)). Girls were asked about their 
menstrual status. Dietary calcium intakes were assessed using a 24-hour dietary recall 
questionnaire as well as by a Food Frequency Questionnaire. Total physical activity (METPA 
and MECHPA) was estimated using the method described in 4.2.3, taking into consideration 
all physical activity and inactivity over the previous 12 months. Since the physical activity 
 93 
 
questionnaire assessed all previous activity in the preceding 12 months, year 10 data were 
considered representative of activity in the 12 month assessment period. 
 
4.6.4 Bone Mass measurement 
 
The same bone mass measurements as described in 4.4.4 were used for this study.  
 
4.6.5 Data Analysis 
 
Data were analyzed using SPSS v12.0 and a p level of <0.05 was considered to be statistically 
significant. Since we were interested in examining bone mass accumulation patterns in our 
sample, percentage gains in BMC and BA (BMCGAIN and BAGAIN) were calculated using 
the following formula: 
 
% gain= (Measurement at age 10- Measurement at age 9) / Measurement at age 9 * 100 
 
An ANOVA was used to detect differences in BMCGAIN and BAGAIN between race and 
gender groups from age nine to 10 years and the Bonferroni multiple comparison test was 
used to assess group differences where appropriate. As BMD is an areal density measurement 
(g/cm2), and does not account effectively for diverse body sizes, it has been recommended 
that the best way of avoiding size related artefact when analyzing bone mass is to include 
body weight, height and BA as independent variables against BMC as the dependant variable 
in a multiple regression analysis (93; 217). In this sample of children, height was not 
significantly related (p=0.891) to BMC, thus it was excluded as a covariate. Height was 
however, significantly related to BA (p<0.001) at all sites and was therefore included as a 
covariate for BA analyses. We used a novel method based on Rowlands et al.’s (2004) 
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technique (234). We regressed body weight and BA against BMCGAIN and saved the 
residuals to form a new variable called residualized BMCGAIN (BMCGAINres). Given a 
subject’s weight, BMCGAINres provides a good indication of whether the subject is above or 
below their expected BMCGAIN for their weight. The same procedure was followed for 
BAGAIN, whereby body weight and height were regressed against BAGAIN and the 
residuals were saved to form a new variable called BAGAINres. Given a subject’s weight and 
height, BAGAINres provides a good indication of whether the subject is above or below their 
expected BAGAIN for their weight and height. To assess whether the non-bone related 
components of weight (fat and lean mass) had different effects on BMCGAIN or BAGAIN, a 
regression analysis was done including the additional covariates.  
 
METPA and MECHPA scores were evaluated over the one year assessment period, which 
preceded the second DXA scan, and were assessed as categorical variables after subjects were 
divided into quartiles of activity within race and gender groups. To correct for the possible 
effects of differing physical activity on BMC and BA accumulation prior to the study period, 
METPA and MECHPA scores calculated at the subject’s first visit (age 9) were entered into 
the regression analysis as covariates. BMCGAINres and BAGAINres at the whole body, radius, 
hip and spine were assessed within METPA and MECHPA quartiles, between race and 
gender groups using a multivariate ANOVA. A stepwise linear multiple regression analysis 
was conducted in order to assess the relationship between past year’s physical activity (both 
METPA and MECHPA), calcium intake and BMCGAINres and BAGAINres at all sites 
measured. The independent variables were entered in the following order: calcium intake, 
METPA, MECHPA, product of calcium intake * METPA and the product of calcium intake * 
MECHPA. Independent variables were centered before being entered into the regression 
analysis, in order to avoid the problem of multicollinearity (234). Centering involves 
subtracting the mean from each individual score thereby making the mean of the centered 
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variable zero. The product terms were calculated from the centered variables.  All data are 
presented as means (standard deviation), unless otherwise noted.  
 
4.7 Conclusion 
 
This chapter has described the objectives and methods used for all studies conducted for this 
thesis. The chapter has described the participants recruited for participation into each study 
and has given a detailed description of the methodologies and data analyses techniques used 
to test each research question. 
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Chapter 5: Results 
______________________________________________________________________ 
 
5.1 Introduction 
 
The results of the studies conducted for this thesis are presented in the following chapter. The 
chapter, like the methodology chapter is divided into five parts, each containing data findings 
relevant to that particular study. Each part begins with a brief summary of aims and methods 
of that particular study. A final summary of all findings is presented at the end of the chapter. 
For the majority of the results chapter, comparisons are made between Black and White, and 
male and female groups. A standard method (using asterisks) to denote significant differences 
between the groups is used throughout the thesis.  
 
5.2 Part 1 - Actical Study 
 
This study sought to evaluate the correlation between subjects’ reported activity on the PAQ 
and activity as measured by the Actical accelerometer in a group of nine to 11 year old 
children who were not part of the Bone Health cohort. Thirty children, each wearing an 
Actical for a period of four days, completed the ‘past week’ and ‘past year’ PAQ twice (once 
before the fitting of the Actical and again one week later). Pearson product moment 
correlations were used to analyse the PAQ and Actical data and Intra Class Correlation 
coefficients (ICC) were used to test reliability and consistency of the PAQ. The same four day 
period that children wore Acticals for, was compared with the corresponding four days of 
activity reported on the past week PAQ. Data are presented as means (standard deviations) 
unless otherwise indicated. White, Black, male and female data are presented in tabular form 
in keeping with the rest of the thesis, however for this study, all groups were analysed 
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together as there were no significant differences found between the race and gender groups in 
activity levels or between any of the variables measured in this small sample of children. 
 
5.2.1 Sample Characteristics  
 
Thirty children participated in this study, in which the primary aim was to explore and 
ascertain a range of responses from the subjects. Sample characteristics are displayed in Table 
5.1. The mean age of the subjects was 10.17 (0.80) years. Included in the sample were 12 
males and 18 females with equal numbers of White and Black children in each group. The 
mean height of the subjects was 139.18 (9.01) cm and weight was 35.23 (8.42) kg. Average 
activity counts per day was 548241 (28933) for the weekdays (Friday and Monday) and 
561569 (46710) for the weekend days. Although weekend activity counts were slightly 
higher; there were no significant differences between the two time frames, although it should 
be noted that the standard deviation was much higher for the weekend activity. The counts 
were further divided into percentages of time spent in sedentary, light, moderate or vigorous 
activity as described in Figure 4.2. Subjects spent an average of 57 % of their time each day in 
sedentary activity as measured by the Actical (including sleeping). Subjects reported spending 
58% of their day in sedentary activity according to the PAQ. This figure comprised 3.83 
(0.40) hours per day (16% of day) doing sedentary activities and an average of 10.08 (1.03) 
hours per day (42% of day) sleeping. These figures included after school and weekend time 
spent television watching, reading, drawing, doing homework, time spent on the computer, 
and sleeping, resulting in a mean time of 58% of their day spent in sedentary activity as 
reported on the PAQ. 
 
In this sample of children, light and sedentary activities were defined to be 2.7 METS or less, 
moderate activity (2.8-5.9 METS) and vigorous activity were activities which generated MET 
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scores of 6 and above. Activity that is classified as vigorous on the Actical is approximately 
equivalent to 3000 counts per minute (125) (refer to figure 4.2). Subjects spent an average of 
8.4 (5.6) minutes of their time each day in vigorous activity as measured by the Actical. 
According to the PAQ, children spent approximately 12.1 (9.7) minutes hours per day in 
vigorous activities (activities with a MET score of 6 or above).  
 
Average energy expenditure as measured by the Actical was 1256 (55) Cal/ per day over the 
four day study period. Although children had slightly lower average energy expenditure (1204 
(54) Cal/day) over the week day period (Friday and Monday) as compared to the weekend 
period (1306 (57) Cal/day-Saturday and Sunday), there was no significant difference between 
these two time frames in this sample of children. 
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5.2.2 Validity 
 
An overall significant, positive correlation was observed for total activity counts and total 
METPA score obtained over the four day period (r=0.53, p=0.004) for all children. In order to 
determine whether the relationship held true for activities of varying intensities, Pearson 
correlation coefficients were calculated for time spent in sedentary and vigorous activity as 
reported by the subjects on the PAQ (for the same four day period as the Actical) and as 
measured by the Actical. Figure 5.1 shows the relationship between the two observations of 
sedentary activity. A positive (r=0.66) and significant (p<0.001) correlation was observed 
between the average percentage time spent per day in sedentary activities as reported on the 
PAQ and the average percentage of time per day spent in sedentary activity as measured by 
the Actical. Both measures included time spent asleep. 
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Figure 5.1 Correlation between sedentary activities (% time) as estimated from the PAQ and percentage of time 
spent in sedentary activity per day as measured by the Actical. (r2=0.441, p<0.001) 
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Figure 5.2 shows the relationship between the average daily amount of time spent in vigorous 
activity (METPA score >6) as reported on the PAQ and the average daily time spent in 
vigorous physical activity as measured by the Actical. Again, a positive (r=0.70) and 
significant (p<0.001) relationship between the two variables was observed. 
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Figure 5.2 Correlation between % time spent in vigorous activity as estimated from the PAQ and percentage of 
time spent in vigorous activity per day as measured by the Actical. (r2=0.494, p<0.001) 
 
5.2.3 Reliability 
 
The intra class correlations of the estimates of the past year’s physical activity (METPA) and 
inactivity scores (sedentary activity) as measured twice with a one week interval are presented 
in Table 5.2.  
 
Table 5.2 Intraclass correlation coefficients comparing two administrations of the past year PAQ one week 
apart. Data are means (SE) 
 1st PAQ 
administration 
2nd PAQ 
administration 
ICC p Value 
METPA (hrs/wk) 6.98 (1.33) 6.83 (1.03) 0.964 p<0.001* 
Sedentary activity (hrs/wk) 26.49 (2.72) 25.49 (2.45) 0.975 p<0.001* 
*All correlations are significant at p<0.001 
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To ascertain whether the time period of the Actical assessment period was representative of a 
‘normal’ week of activity and inactivity for the subjects, the short form of the PAQ was also 
administered twice. While inter week variability in physical activity is expected, it was 
important to ensure that the week of Actical and PAQ assessment was not different to an 
average normal week of activity for the subjects. The reproducibility coefficients (Intra Class 
Correlations) of the estimates of the past week physical activity (METPA) and inactivity 
scores (sedentary activity) as measured at a one week interval are presented in Table 5.3. The 
reproducibility coefficients were high, indicating that the week in which the Actical 
assessment was done, was representative of a normally active week for the subjects or that the 
children gave average answers irrespective what their actual activity was for that week. 
 
Table 5.3 Intraclass correlation coefficients comparing two administrations of the past week PAQ one week 
apart. Data are means (SE)  
 1st PAQ 
administration 
2nd PAQ 
administration 
ICC p Value 
METPA (hrs/wk) 6.76 (1.32) 7.62  (1.14) 0.945 p<0.001* 
Sedentary activity (hrs/wk) 28.98 (2.50) 25.97 (2.43) 0.971 p<0.001* 
*All correlations are significant at p<0.001 
 
5.3 Part 2 - Fitness Study 
 
This study sought to evaluate the relationship between fitness and physical activity as 
reported on the PAQ and body composition measures in a sub sample of children from the 
Bone Health cohort. A Fitness Score was calculated for each subject and compared to body 
composition and PAQ indices. Data from 69 subjects were used for this study. Descriptive 
data are presented as means (SD) unless otherwise indicated. Multivariate ANOVA tests were 
used to assess for group differences (whole group, race, gender) in the tasks performed with 
Bonferroni multiple comparison tests used as the post hoc test. Chi Squared tests were used to 
assess whether percentages of children within race and gender groups falling into each Fitness 
Score category were similar. 
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5.3.1 Sample Characteristics 
 
Sample characteristics are displayed in Table 5.4. Included in the study were 31 White and 38 
Black children, with approximately equal numbers of males and females in each group. There 
were no significant differences between any of the groups for age, weight, BMI or average 
grip strength. White females were significantly (p=0.013) taller than Black males. White 
males performed the shuttle run task significantly faster (p=0.012) than Black males and 
females, performed a significantly greater (p<0.001) number of sit ups in 30 seconds, showed 
a significantly quicker time (p=0.017) to reach their t-half and had a lower (p=0.044) heart 
rate at t-half than all other groups. White males also scored a significantly higher (p=0.031) 
METPA score as reported on the PAQ than all other groups. There were no other significant 
differences between variables listed in the table below. 
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5.3.2 Fitness Testing 
 
As mentioned earlier in the methods section (section 4.3.4), a point system was used to 
generate a Fitness Score and classify subjects into different levels of fitness. Each task was 
assigned a score from 0-3 and a sum fitness score was then generated. Subjects were then 
classified into three fitness levels and chi square tests were used to assess for differences. 
Tables 5.5 - 5.8 show the percentages of White, Black, male and female subjects within each 
fitness level for each task performed.  
 
Table 5.5 shows the percentages of subjects within each point category of the shuttle run task 
according to group (White, Black, males and females). A score of zero was indicative of the 
slowest time to complete shuttle runs and a score of three meant that the subject fell into the 
quickest category for the task. A significantly greater (p=0.04) percentage of White males, 
compared with all other groups performed the task in the quickest time. There were no Black 
females able to perform the shuttle runs in the quickest category of time.  
 
Table 5.5 Score table of the shuttle run task. The % columns refer to the distribution of each group within the 
four categories. 
Shuttle Run Points White Male 
(%) 
Black Male 
(%) 
White 
Female (%) 
Black 
Female (%) 
Whole 
group (%) 
0 (slowest time to complete 10) 11 30 36 23 24 
1 6 25 18 54 24 
2 22 25 9 23 21 
3 (quickest time to complete 10) 61* 20 36 0 31 
Reported p-levels are based on likelihood ratio x2 tests.  
*White males > all other groups, p<0.05  
 
The next task that subjects performed was based on the maximal number of sit ups able to be 
completed within 30 seconds. Table 5.6 shows the percentages of subjects within each point 
category of the sit up task according to group. A score of zero was indicative of the least 
number of sit ups completed in 30s and a score of three meant that the subject was able to 
complete the most number of sit ups in 30s. A significantly greater (p<0.001) percentage of 
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White males, compared with all other groups; performed the most number of sit ups in 30s. A 
significantly greater (p<0.001) percentage of Black females fell into the least number of sit 
ups completed in 30s category. 
 
Table 5.6 Score table of the sit up task. The % columns refer to the distribution of each group within the four 
categories. 
Sit Ups Points White Male    
(%) 
Black Male 
(%) 
White 
Female (%) 
Black 
Female (%) 
Whole group 
(%) 
0 (least number in 30s) 0 35 0 62** 24 
1 11 30 56 23 27 
2 33 25 45 8 27 
3 (most number in 30s) 56* 10 0 8 21 
Reported p-levels are based on likelihood ratio x2 tests. 
*White males > all other groups, p<0.05 
**Black females > all other groups, p<0.05  
 
The third task that subjects performed was a standard bench step test. The test lasted for three 
minutes and was followed by a two minute recovery period, during which the t- half (time 
taken for the pulse to fall to 150 % of resting heart rate) of the subjects was measured. Table 
5.7 shows the percentages of subjects falling into each point’s category of the bench step task 
according to group. A score of zero was indicative of having the longest t- half, while a score 
of three was assigned to those subjects with the shortest t-half. There were a significantly 
greater (p=0.034) percentage of White males in the shortest t-half category than any of the 
other groups. 
 
Table 5.7 Score table of the step test task. The % columns refer to the distribution of each group within the four 
categories. 
Step test Points White Male 
(%) 
Black Male 
(%) 
White Female 
(%) 
Black Female 
(%) 
Whole group 
(%) 
0 (longest t- half) 17 45 27 42 33 
1 22 25 27 33 26 
2 11 15 46 8 18 
3 (shortest t- half) 50* 15 0 17 23 
Reported p-levels are based on likelihood ratio x2 tests. 
*White males > all other groups, p<0.05  
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A composite score of each subject’s total score on each of the three tasks was then calculated 
resulting in a maximum score of nine and a minimum score of zero. These scores were then 
grouped into categories from one to three. The method of scoring is described in detail in 
Figure 4.4.  Table 5.8 below shows the percentages of subjects falling into each category of 
Fitness Score from least (score of one) to most fit (score of three). A significantly greater 
(p<0.001) percentage of White males, compared with all other groups were classified as being 
‘fittest’. There were no Black females that could be classified as being in the ‘most fit’ 
category. 
 
Table 5.8 Score table of Fitness Score. The % columns refer to the distribution of each group within the four 
categories. 
Fitness Score White Male 
(%) 
Black Male 
(%) 
White Female 
(%) 
Black Female 
(%) 
Whole group 
(%) 
1 (‘least fit’) 0 32 36 46 27 
2 25 42 36 54 39 
3 (‘most fit’) 75* 26 28 0 34 
Reported p-levels are based on likelihood ratio x2 tests. 
*White males > all groups, p<0.05  
 
 
 
 
 
 
 
 
 
 
 
 
 
 109 
 
5.3.3 Relationship between fitness, physical activity and body composition 
 
A positive and significant correlation (r=0.60, p=0.022) was found between METPA scores as 
calculated from the PAQ and Fitness Score as calculated from the battery of fitness tests 
conducted on the subjects. Figure 5.3 shows the mean METPA scores within each level of 
fitness (1=least fit, 3=most fit). The mean METPA score of the fittest subjects was 
significantly greater (p=0.022) than that of the least fit subjects.  
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Figure 5.3 Mean (SD) METPA scores as estimated by the PAQ within each tertile of fitness as determined by 
the Fitness Score. *p<0.05 Level 3> Level 1. 
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The BMI and body fat percentages of subjects within each fitness level are shown in the 
figures below (Fig’s 5.4 and 5.5). Subjects who had a Fitness Score of one (the least fit), had a 
significantly greater BMI (21.7 (4.1) kg/m2, p=0.001) than fitter subjects with a Fitness Score 
of two (18.3 (2.9) kg/m2) or three (17.9 (2.1) kg/m2).  
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Figure 5.4 Mean (SD) BMI within each fitness level. *p<0.05 Level 1> Level 2 & 3. 
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Subjects who had a Fitness Score of one, had a significantly greater percentage body fat (29.6 
(7.0) %, p<0.001) than subjects with a Fitness Score of two (21.5 (5.7) %) and three (19.7 
(5.0) %) (Figure 5.5).  
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Figure 5.5 Mean (SD) body fat percentage within each fitness level. *p<0.001, Level 1> Level 2 & 3. 
 
5.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study 
 
5.4.1 Associations between habitual physical activity and bone mass in Black and White 
South African children at age nine years 
 
This study assessed the association between physical activity (sedentary activity, sports 
participation and intensity, commuting to and from school (active and passive)) and skeletal 
mass in 386 healthy nine-year-old Black and White, male and female South African children 
from the Bone Health cohort. It was hypothesized that: i) higher levels of physical activity (a 
greater metabolic equivalent physical activity (METPA) score) would be associated with 
* 
 112 
 
higher bone mass; ii) the type of sport played influences bone mass (sports with a higher 
MECHPA score would have a greater osteogenic effect); iii) race groups would have different 
levels of PA and possibly, this could translate into different bone mass effects.  
 
5.4.2 Anthropometric and Bone Characteristics 
 
Included in the study were 82 White and 304 Black nine-year-old children, with 
approximately equal numbers of males and females in each group. All children were pre-
pubertal. Table 5.9 shows the results for unadjusted DXA and body composition data. White 
children had significantly lower hip BMD (p<0.001), and significantly greater hip area 
(p=0.002) than Black children, and White females had lower spine BMD than Black females 
(p=0.005). White females and males were significantly taller (p<0.001) and had higher 
calcium intakes (p<0.001) than their Black peers. White males were significantly heavier 
(p=0.04) and had significantly greater lean tissue mass (p<0.001) than Black males. There 
were no significant differences between Black and White children for BMI, fat tissue (g) or 
body fat percentage.  
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Table 5.9 Unadjusted bone mass data, height, weight, age, BMI, calcium intakes. 
 White Male 
(n=44) 
Black Male 
(n=158) 
White Female 
(n=38) 
Black Female 
(n=146) 
Age (yrs) 9.5 (0.1) 9.5 (0.0) 9.6 (0.1) 9.5 (0.0) 
Height (cm)  137.4 (1.0)* 133.0 (0.5) 136.3 (1.2)*** 132.8 (0.5) 
Weight (kg) 32.6 (1.2 )* 29.1 (0.4) 30.4 (1.1) 29.7 (0.6) 
BMI (kg/m2) 16.6 (0.0) 16.7 (0.0) 16.2 (0.0) 16.7 (0.0) 
Ca Intake (mg/day) 778 (42)* 347 (22) 719 (44)*** 347 (23) 
WB BMC (g) 966.5 (145.8) 927.6 (121.3) 887.0 (183.2) 889.2 (146.3) 
WB BA (cm2) 1176.1 (150.6) 1122.9 (118.7) 1108.5 (176.3) 1112.3 (148.4) 
WB BMD (g/cm2) 0.828 (0.058) 0.827 (0.049) 0.795 (0.051) 0.799 (0.050) 
Radius BMC (g) 3.3 (0.5) 3.3 (0.5) 3.0 (0.5) 3.0 (0.6) 
Radius BA (cm2) 8.3 (1.1) 8.4 (1.1) 7.7 (1.0) 8.0 (1.1) 
Radius BMD (g/cm2) 0.403 (0.025) 0.393 (0.032) 0.383 (0.030) 0.379 (0.032) 
Hip BMC (g) 14.3 (2.6) 14.4 (2.4) 12.7 (2.8) 13.0 (2.3) 
Hip BA (cm2) 20.5 (2.4 )* 19.0 (3.3) 21.5 (4.6)*** 19.4 (2.2) 
Hip BMD (g/cm2) 0.699 (0.079) 0.749 (0.079)** 0.603 (0.065) 0.671 (0.079)**** 
Spine BMC (g) 23.5 (4.3) 21.9 (3.5) 20.8 (4.4) 22.0 (3.9) 
Spine BA (cm2) 42.7 (4.3) 40.7 (4.1) 39.4 (4.1) 39.2 (5.0) 
Spine BMD (g/cm2) 0.548 (0.061) 0.536 (0.050) 0.525 (0.065) 0.557 (0.069)**** 
Lean tissue (g) 22791.8 (2966.1)* 20718.6 (2700.2) 19916.2 (3183.3) 19720.7 (2746.5) 
Fat tissue (g) 8285.1 (5189.6) 6974.4 (3301.7) 9473.9 (4224.4) 9010.0 (4564.6) 
Body fat (%) 24.1 (6.3) 23.4 (7.8) 30.0 (7.0) 28.9 (7.9) 
*White males > Black males, p<0.05 
**Black males > White males, p<0.05 
***White females > Black females, p<0.05  
****Black females > White females, p<0.05 
 
 
Table 5.10 shows the results for bone mass data adjusted for height and weight. Bone area 
data were adjusted for height only. After adjustment, Black children still had a significantly 
higher hip BMD than White children (p<0.001), Black males had higher hip BMC than White 
males (p=0.038), and Black females had higher spine BMC (p=0.005) and spine BMD 
(p=0.004) than White females. White males had significantly greater whole body area than 
Black (p<0.001) and White females (p=0.002). Black males had significantly greater radial 
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area (p=0.001) than White females. White males had a significantly greater hip area then 
Black males and females (p<0.001). White males had a significantly greater spine area than 
White females (p<0.001) and Black females (p<0.001). 
 
Table 5.10 Bone mass characteristics after adjusting for differences in height and weight for BMC and BMD 
and height for BA. Data are means (SE) 
 White Male 
(n=44) 
Black Male 
(n=158) 
White Female 
(n=38) 
Black Female 
(n=146) 
WB BMC (g) 919.5 (15.3) 943.1 (8.2) 864.2 (16.0) 894.0 (8.2) 
WB BA (cm2) 1176.12 (15.63) * 1121.60 (12.99) 1108.50 (18.29) 1114.37 (15.53) 
WB BMD (g/cm2) 0.824 (0.008) 0.828 (0.005) 0.793 (0.009) 0.800 (0.005) 
Radius BMC (g) 3.2 (0.1) 3.3 (0.1) 2.9 (0.1) 3.0 (0.1) 
Radius BA (cm2) 8.04 (0.19) 8.33 (0.10)** 7.48 (0.20) 7.96 (0.10) 
Radius BMD (g/cm2) 0.400 (0.005) 0.394 (0.003) 0.382 (0.005) 0.381 (0.003) 
Hip BMC (g) 13.6 (0.3) 14.6 (0.2)*** 12.3 (0.3) 13.1 (0.2) 
Hip BA (cm2) 20.49 (0.42) ****** 19.22 (0.37) 20.87 (0.70)**** 19.44 (0.50) 
Hip BMD (g/cm2) 0.688 (0.012) 0.753 (0.007)*** 0.598 (0.013) 0.672 (0.007)***** 
Spine BMC (g) 22.4 (0.5) 22.2 (0.3) 20.2 (0.6) 22.1 (0.3) ***** 
Spine BA (cm2) 42.69 (0.34)* 40.44 (1.08) 39.38 (0.76) 39.23 (0.39) 
Spine BMD (g/cm2) 0.540 (0.010) 0.539 (0.005) 0.521 (0.010) 0.557 (0.051) ***** 
*White males > White females and Black females, p<0.05 
**Black males > White females, p<0.05 
***Black males > White males, p<0.05 
****White females > Black males, p<0.05 
*****Black females > White females, p<0.05 
******White males > Black females and males, p<0.05 
 
5.4.3 Physical Activity Characteristics  
 
Physical activity data are presented in Table 5.11. Over 90% of White males and females 
participated in physical education (PE) classes at school compared to approximately 30% of 
their Black peers. White females spent a significantly greater time sleeping (p=0.006) and 
playing sports with a higher METPA (p<0.001) and MECHPA (p=0.034) score than Black 
females. Black females spent a greater time actively commuting to and from school (i.e. 
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walking/riding) each day than White females (p<0.001). White males also spent a 
significantly greater time sleeping (p=0.019), had a significantly greater METPA score 
(p<0.001) and playing sports that generated a higher MECHPA score (p<0.001) than Black 
males. White and Black children spent similar amounts of time participating in sedentary 
activities and commuting passively to and from school (i.e. via car/bus/taxi/train). Black 
children spent a greater amount of time watching TV (p<0.05). After controlling for race 
differences in PA, boys were significantly more (p<0.05) active than girls (13.11 (0.77) 
METPA hrs/wk vs. 9.62 (0.81) METPA hrs/wk). There was a significant positive correlation 
between participation in PE classes and METPA score (r=0.282, p<0.001) and a significantly 
negative correlation between METPA and hours of TV watched per week (r= -0.145, 
p<0.001). 
 
Table 5.11 Physical activity characteristics. Data are Mean (SE) 
 White Male 
(n=44) 
Black Male 
(n=158) 
White Female 
(n=38) 
Black Female 
(n=146) 
PE (yes) 41/44 (93%)* 43/158 (27%) 34/38 (90%)*** 50/146 (34%) 
Sedentary activity including 
sleep (hrs/day) 
10.48 (0.79) 10.63 (0.33) 8.61 (0.54) 9.03 (0.34) 
TV watching (hrs/wk) 17.28 (1.67) 26.54 (0.99)** 14.87 (1.75) 23.52 (1.02)**** 
Passive commuting (hrs/day) 0.33 (0.03) 0.4 (0.06) 0.37 (0.49) 0.47 (0.06) 
Active Commuting (hrs/day) 0.03 (0.01) 0.35 (0.03)** 0.04 (0.02) 0.27 (0.03)**** 
Sleep (hrs/night) 10.02 (0.09)* 9.24 (0.78) 10.11 (0.14)*** 9.38 (0.13) 
METPA score 27.74 (5.07)* 10.65 (0.63) 14.7 (2.07) 8.39 (0.86) 
MECHPA score 5.7 (1.05)***** 2.96 (0.19) 2.97 (0.56)*** 2.26 (0.35) 
* White males > Black males, p<0.05 
**Black males > White males, p<0.05 
***White females > Black females, p<0.05 
****Black females > White females, p<0.05 
*****White males > all other groups, p<0.05 
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5.4.4 Associations between Bone Characteristics and METPA.  
 
Subjects were divided into quartiles of activity (Q1-least active-Q4-most active) based upon 
their METPA scores. There were no significant differences between bone mass values 
(adjusted for weight, height and gender) and METPA quartiles in Black children except for 
WB BMD (p=0.022). There were however, significant relationships between METPA 
quartiles and bone mass values (BMC and BMD, but not BA) in White children at the hip 
(p=0.013; p=0.001) and spine (p=0.019; p=0.003), and whole body BMD (p<0.05) (Figures 
5.6-5.9).  
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Figure 5.6 Mean (SE) whole body BMC and BMD (adjusted for weight, height and gender) across METPA 
(Mean ± SE) quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.7 Mean (SE) hip BMC and BMD (adjusted for weight, height and gender) across METPA (Mean ± SE) 
quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.8 Mean (SE) spine BMC and BMD (adjusted for weight, height and gender) across METPA (Mean ± 
SE) quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.9 Mean ± SE whole body, hip and spine BA (adjusted height and gender) across METPA (Mean ± SE) 
quartiles for Black (•) and White (○) children.  
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The two physical activity scores (METPA and MECHPA) were highly correlated. Log 
METPA scores (adjusted for log MECHPA scores) were significantly partially correlated 
(shown in bold in table 5.12) with bone mass values at all sites in White children except with 
BMD at the radius, and with BA at the hip and spine, however in Black children the only 
significant relationship was between log METPA and WBBMD (r=0.20, p<0.001) and hip 
BMD (r=0.12, p=0.05).   
 
Table 5.12 Partial correlations between log METPA and MECHPA values and adjusted bone mass 
measurements in Black and White children  
*p<0.05. Reported p levels based on partial correlations.  
 
 
 
 
 White Children (r) Black Children (r) 
 Log 
METPA 
P Log 
MECHPA 
p Log 
METPA 
P Log 
MECHPA 
p 
WB BMC (g) 
0.32 0.01 0.29 0.02 0.07 0.26 0.18 0.03 
WB BMD (g/cm2) 
0.37 0.00 0.33 0.01 0.20 0.00 0.20 0.01 
WB BA (cm2) 
0.28 0.02 0.24 0.05 -0.03 0.67 0.13 0.12 
Radius BMC (g) 
0.26 0.03 0.23 0.06 0.02 0.69 0.17 0.03 
Radius BMD (g/cm2) 
0.14 0.24 0.12 0.33 0.00 0.96 0.07 0.39 
Radius BA 
0.25 0.03 0.22 0.08 0.01 0.91 0.13 0.11 
Hip BMC (g) 
0.37 0.00 0.29 0.02 0.10 0.10 0.12 0.16 
Hip BMD (g/cm2) 
0.38 0.00 0.41 0.00 0.12 0.05 0.13 0.11 
Hip BA 
0.19 0.11 0.07 0.58 0.00 1.00 0.02 0.76 
Spine BMC (g) 
0.28 0.02 0.26 0.03 -0.01 0.84 0.04 0.60 
Spine BMD (g/cm2) 
0.36 0.00 0.34 0.00 -0.04 0.52 -0.07 0.39 
Spine BA 
0.20 0.12 0.23 0.07 -0.01 0.88 0.11 0.18 
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5.4.5 Associations between Bone Characteristics and MECHPA. 
 
Subjects were divided into ‘loading’ quartiles (Q1-very low loading-Q4-high loading) based 
upon their MECHPA scores. These MECHPA quartiles were then compared to BMC, BMD 
and BA at various sites. There were no significant differences between bone mass values 
(adjusted for weight and height) and MECHPA quartiles in Black children. There were 
however, significant differences in bone mass (BMC and BMD, but not BA) measures 
between MECHPA quartiles for White children at all sites except at the radius. For White 
children the most ‘loaded’ group (Q4) had significantly higher whole body (p=0.016) and hip 
(p=0.001) BMD and spine BMD (p=0.004). Most ‘loaded’ White children also had 
significantly higher hip (p=0.008) and spine (p=0.024) BMC than the two least ‘loaded’ 
groups (Q1 & 2) (figures 5.10-5.13).  
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Figure 5.10 Mean (SE) whole body BMC and BMD (adjusted for weight, height and gender) across MECHPA 
(Mean ± SE) quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.11 Mean (SE) hip BMC and BMD (adjusted for weight, height and gender) across MECHPA (Mean ± 
SE) quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.12 Mean (SE) spine BMC and BMD (adjusted for weight, height and gender) across MECHPA (Mean 
± SE) quartiles for Black (•) and White (○) children. Q4 > Q1 & 2 (*p<0.05). 
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Figure 5.13 Mean (SE) whole body, hip and spine BA (adjusted height and gender) across MECHPA (Mean ± 
SE) quartiles for Black (•) and White (○) children.  
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Significant positive partial correlations between bone mass (BA, BMC and BMD) and log 
MECHPA (adjusted for log METPA) scores were found in White children at all sites except 
at the radius for BA and BMD, and at the hip for BA (Table 5.12). No significant correlations 
were found at any site in Black children except for whole body BMC (p=0.03), BMD 
(p=0.01) and radius BMC (p=0.03). 
 
5.5 Part 4 - Socio-economic Status and Physical Activity Study 
 
5.5.1 The relationship between socio-economic status and physical activity patterns in South 
African children   
 
This study considered the degree of PA and inactivity in nine-year-old South African children 
from the Bone Health cohort, focusing on the magnitude of PA by gender, socio-economic 
status and maternal (primary caregiver) demographic characteristics such as marital and 
employment status, as well as level of education. Additionally, the study aimed to examine 
body composition patterns in relation to SES and other sedentary behaviours such as 
television watching.  
 
5.5.2 Socio-economic Status Results 
 
These results describe the conditions under which the children in this study lived in 
Johannesburg, South Africa in 2000 (Figure 5.14). Almost all of the children (99%) lived in 
homes with electricity. Approximately 88% of children lived in brick houses, whilst 12% 
lived in informal structures. Just over 60% of children had access to an indoor water source 
and almost 50% had flush toilets inside their houses. Television sets were present in 95% of 
the houses; 94% families owned a fridge; 76% had a land line telephone; 54% had a video 
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machine; 44% owned a washing machine; and 39% a microwave oven. Almost 60% of the 
sample did not own a motor vehicle.  
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Figure 5.14 Percentages of study sample with access to various amenities 
 
In terms of partner support, 50% of mothers were married and living with their husbands, 4% 
of mothers were living with their partners, but were not married, while 46% were single. Less 
than 50% of the children’s mothers had completed a grade 12 (final year of school) education 
or higher. Diplomas were held by 17% of mothers, while only 6% of them held a university 
(tertiary) degree. At the time of the study 32% of mothers were not formally employed. 
Average maternal income ranged between R1000-2000 (US Dollar estimate: $140-290) per 
month. Almost all of the mothers described their children as being healthy, 9% of the mothers 
described their children’s health as fair or poor. Private medical aid was held by 34% of the 
sample. 
 
 
 
 
 129 
 
5.5.3 Profile of groups  
 
Subjects were divided into quartiles according to their asset indicator score (lowest Q1-
highest Q4) as described in detail in figure 4.5. Table 5.13 shows the socio-economic, PA and 
anthropometric scores across each quartile for Black and White subjects. There were 
approximately equal numbers of males and females within each quartile. No White children 
fell into the first three quartiles when the sample was analysed as a whole. Significantly fewer 
(p<0.001) mothers in Q1 had completed high school (17%), whereas over 80% of mothers in 
Q4 had a high school education or higher. Significantly less mothers (40%) were married and 
living with their husbands in Q1 compared with over 70% in Q4 (p<0.001). The majority of 
mothers/caregivers in Q1 had no cash income (i.e were not working), whereas the majority of 
caregivers in Q4 worked and earned an income of >R4000/month (US Dollar estimate: $570 
per month), (p<0.001). There were no significant differences between maternal reports of 
their child’s health across the quartiles. Maternal health status perception of their child was 
not associated with PA participation.  
 
Mean METPA scores were significantly greater in Q4 compared with all three other quartiles 
(p<0.001). Percentages of children partaking in PE at school rose significantly (p<0.001) from 
26% to 79% from Q1-4. Children in Q4 watched significantly less television than children in 
Q2 and 3 (p<0.05) but not Q1. Children in Q1 watched significantly less television than 
children in Q2 (p<0.05). 
 
Significant differences were found across the groups for all anthropometric variables 
measured. Children in Q4 weighed significantly more than children in Q1 and Q2 (p<0.05). 
They were also significantly taller (p<0.05) than all three other quartiles. Children in Q1 
weighed significantly less than those in Q2 and 3 (p<0.05). There were no significant 
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differences for BMI between groups except that children in Q1 had a significantly lower BMI 
(p<0.05) than children in Q3. Children in Q4 had significantly greater fat tissue (p<0.05) than 
children in Q1. Lean tissue was significantly greater (p<0.05) in children in Q4 than Q2.  
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Since there were no White children within the first three quartiles of socio-economic status, 
the analysis was repeated using only the Black children in the study in order to determine if 
the associations observed held true regardless of race. Table 5.14 shows the socio-economic, 
PA and anthropometric scores across each quartile for Black subjects. Although not 
significant, the overall mean asset indicator score was lower for the Black children (6.5 (0.1) 
vs. 7.4 (0.1)) than for the whole group. There were approximately equal numbers of males and 
females within each quartile. Significantly fewer (p<0.05) mothers in Q1 and Q2 had 
completed high school (8 and 20%), where as 38% of mothers in Q4 had at least a high school 
education. Significantly fewer mothers (18%) were married and living with their husbands in 
Q1 compared with over 30% in Q4 (p<0.05). Twenty five percent of mothers/caregivers in Q1 
had no cash income (i.e were not working) compare to 15% of caregivers in Q4. Those in Q4 
who worked had an income of >R4000/month (p<0.05). Significantly more caregivers in Q4 
perceived their child’s health as good (96%) vs. 66% in Q1.  
 
In Black children, mean METPA scores were significantly greater in Q4 compared with all 
three other quartiles (p=0.001). Percentages of children partaking in PE at school rose 
significantly (p<0.05) from 28% to 44% from Q1-4. Unlike the cohort as a whole, children in 
Q4 watched significantly more television than children in Q1 (p<0.05). Children in Q4 
weighed significantly more than children in Q1 and Q2 (p<0.05). There were no significant 
differences for BMI between groups except that children in Q1 had a significantly lower BMI 
(p<0.05) than children in Q4. Children in Q4 had significantly greater fat tissue (p<0.05) than 
children in Q1. Lean tissue was significantly greater (p<0.05) in children in Q4 than Q1.  
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On the whole, the pattern observed between White and Black children was similar across all 
socio-economic, anthropometric and physical activity variables, although the percentages 
were often different. The remainder of the analyses are therefore presented for White and 
Black children combined into one group. Socio-economic variables were correlated with 
physical activity variables. The variables with significant bivariate correlations were then 
examined further in terms of cross tabulations and chi squared likelihood ratios. Maternal 
marital status (r=0.213, p<0.001), maternal education level (r=0.209, p<0.001) and asset 
indicator score (r=0.189, p<0.001) were significant correlates with physical activity level. 
Table 5.15 shows the results from bivariate cross-classifications of children participating in 
the various levels of PA by socio-demographic variables. When comparing the two extremes 
of activity (inactive and highly active), there were significantly (p<0.05) more children with 
single mothers in the inactive quartile of activity (50% vs. 22%). No mothers of inactive 
children held university degrees, while 14% of mothers of highly active children held 
university degrees. Significantly more (p<0.05) mothers of children in the inactive groups had 
not completed schooling (53% vs. 23%). On the whole children who were from married 
households, had medical aid, had mothers with tertiary education and came from higher 
quartile homes, were more active than children from lower socio-economic households, 
irrespective of race. 
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Table 5.15 Analysis of physical activity levels by socio-demographic background. The % column refers to the 
distribution of the results (the percentage of subjects within each quartile of activity) 
Reported p levels are based on likelihood-ratio chi-square tests 
 
Lean mass was explored by television watching (hrs/wk) and activity level (METPA score) 
(Table 5.16). After adjusting for height and activity level no significant differences in lean 
mass with increased hours spent watching television were found. However, after adjusting for 
height and TV watching time, lean mass increased significantly (p=0.001) with increased 
activity. 
 
 
 
 
Quartiles of Physical Activity Inactive Active Moderately Active Highly Active 
Socio-demographic variables  
Marital Status p<0.05 
Single 50% 47% 31% 22% 
Divorced/separated 7% 11% 4% 5% 
Widowed 3% 1% 6% 3% 
Married 40% 41% 59% 70% 
Education p<0.05 
Incomplete schooling  53% 70% 55% 23% 
Completed high school 31% 21% 21% 42% 
Diploma 16% 7% 15% 21% 
Degree 0% 2% 9% 14% 
SES Status p=0.001 
Lowest quartiles 19% 17% 16% 12% 
Low quartile 22% 31% 30% 16% 
Middle quartile 21% 29% 11% 18% 
Upper quartile 38% 23% 43% 54% 
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Table 5.16 Lean mass (g) by television watching and activity level. Data are mean (SE) 
 N Mean lean Mass (SE) p for trend 
TV watching hrs/wk *    
<14 hrs/wk 77 19995 (302) 
14-22 hrs/wk 81 20536 (287) 
23-29 hrs/wk 91 20449 (275) 
30-64 hrs/wk 102 20992 (259) 
 
 
0.087 
Activity level**    
Less Active 85 20444 (279) 
Active 94 19769 (271) 
Moderately Active 87 20446 (273) 
Highly Active 85 21350 (285)*** 
 
 
0.001 
*Adjusted for height and activity level 
**Adjusted for height and TV watching time 
***p<0.05, Highly Active children > all other groups 
 
5.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study 
 
5.6.1 Bone mass accretion rates in pre- and early pubertal South African Black and White 
children in relation to habitual physical activity and dietary calcium intakes 
 
The aims of this study were an extension of the findings presented in earlier parts of this 
thesis: to examine longitudinal bone mass changes over a 12 month period in the same group 
of children (pre- and early-pubertal children from the Bone Health Cohort) and to explore 
these changes in relation to habitual physical activity levels and calcium intakes. 
 
5.6.2 Anthropometric and Bone Characteristics 
 
Included in the study were 58 White and 263 Black children, with approximately equal 
numbers of males and females in each group. Pubertal scores at 10 years of age were similar 
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between Black and White children of the same sex (Table 5.17). None of the girls had begun 
menstruating and all subjects were considered to be either pre-or early-pubertal. There were 
no significant differences between the skeletal ages of any of the groups. 
 
Table 5.17 shows the results for percentage gain and actual change in height, weight, and 
unadjusted BMC and BA from age nine to 10 years, as well as dietary calcium intakes and 
pubertal stage at age 10. Black males were significantly shorter at age 10 years and had 
significantly lower percentage BMCGAIN at the spine, BAGAIN at the whole body, dietary 
calcium intake and physical activity scores than White males (p<0.001). Black females had 
significantly lower calcium intakes than White females (p<0.001). Black males had 
significantly lower gains in weight (p=0.019), height (p=0.004), BMCGAIN at the whole 
body, hip and spine and BAGAIN at the whole body and spine when compared with Black 
females (p<0.001). White males had significantly greater physical activity scores than all 
other groups (p<0.001). There were no significant differences in weight at 10 years, 
BMCGAIN at the radius or BAGAIN at the radius and hip between any of the groups. 
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A multiple regression analysis was conducted in order to assess whether the non-bone related 
components of weight (fat and lean mass) had different effects in BMCGAIN or BAGAIN. 
The addition of fat mass, lean mass and calcium values to the regression had very little impact 
on the whole body BMC and area gain values. Each covariate did not contribute significantly 
more to the model than height and weight alone. The same trend was evident at other sites and 
for all the groups. These variables were therefore not controlled for in the residual analysis, 
but body size was. 
 
Table 5.18 shows the results for actual year 10 BMC (adjusted for weight (kg) and BA (cm2)) 
and BA (adjusted for weight (kg) and height (cm)) values. Results for percentage gain in 
BMC and BA after adjustment are also shown. Black males had significantly greater adjusted 
hip BMC and radius BA at age 10 years (p=0.001) and significantly lower percentage gains in 
spine BMC (p=0.034) and WB BA (p=0.027) than White males. Black females had 
significantly greater adjusted hip BMC (p=0.001), WB BA (p=0.03) and radius BA (p=0.002) 
and significantly lower hip BA (p=0.017) compared with White females at age 10. Black 
males had significantly greater WB BMC (p<0.001), radius BMC (p=0.037) and BA 
(p<0.001), hip BMC (p<0.001) and spine BA (p=0.021) at age 10 and significantly lower 
spine BMC (p<0.001) and percentage gains in WB and spine BMC (p<0.001) than Black 
females. White males had significantly greater hip BMC (p=0.001) and spine BA (p=0.003) at 
age 10 years than White females.  
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Parts three and four of this chapter have reported on the descriptive data for this population’s 
physical activity patterns at age nine (182; 183). At age 10, White males still had significantly 
greater METPA and MECHPA scores than all other groups (p<0.001) (Table 5.17). Subjects 
were divided into quartiles of activity within race and gender groups and levels of activity 
were then related to BMCGAINres and BAGAINres at different sites. Residual values above 
zero indicate that the subjects’ BMC and BA fall above their expected values for their weight, 
height and bone area and vice versa.   
 
Figures 5.15-5.17 show BMCGAINres values at the whole body, hip and spine for different 
quartiles of METPA and MECHPA within race and gender groups. White males in quartile 
four (highest physical activity group for both METPA and MECHPA) showed significantly 
greater BMCGAINres at all bone sites (p<0.05) except the radius when compared with the 
lowest two quartiles. Additionally, White males in the highest quartile of physical activity had 
BMCGAINres values well above zero. There were no other significant differences for any of 
the other groups between race and/or gender.   
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Figure 5.15 Residualized whole body BMC gain (WBBMC) within quartiles of METPA (panel A) and 
MECHPA (panel B) for Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1 and 2 for White 
males.  
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Figure 5.16 Residualized hip BMC gain within quartiles of METPA (panel A) and MECHPA (panel B) for 
Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1 and 2 for White males. 
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Figure 5.17 Residualized spine BMC gain within quartiles of METPA (panel A) and MECHPA (panel B) for 
Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1 and 2 for White males. 
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Figures 5.18-5.20 show BAGAINres values at the whole body, hip and spine for different 
quartiles of METPA and MECHPA within race and gender groups. White males and females 
in quartile four (highest physical activity group for both METPA and MECHPA) showed 
significantly greater BAGAINres at the whole body (p<0.05) compared with the lowest two 
quartiles. White children in quartile four for MECHPA showed significantly greater (p<0.05) 
BAGAINres at the hip compared with children in lower quartiles. Additionally, White children 
in the highest quartile of physical activity had BAGAINres values well above zero. There were 
no other significant differences for any of the other groups between race and/or gender.   
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Figure 5.18 Residualized whole body area gain within quartiles of METPA (panel A) and MECHPA (panel B) 
for Black, White, male and female subjects. *p<0.05, quartile 4>quartile 1,2 and 3 (METPA) and quartile 4> 
quartile 1 and 2 (MECHPA) for White males. **p<0.05, quartile 4>quartile 1 for White females. 
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Figure 5.19 Residualized hip area gain within quartiles of METPA (panel A) and MECHPA (panel B) for Black, 
White, male and female subjects. *p<0.05, quartile 4>quartile 2 for White males. **p<0.001, quartile 4 > 
quartile 1 for White females. 
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Figure 5.20 Residualized spine bone area gain within quartiles of METPA (panel A) and MECHPA (panel B) 
for Black, White, male and female subjects. There was no significant relationship between METPA and 
MECHPA and residualized spine bone area gain. 
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A multiple linear regression sought to examine the effect of calcium intake and physical 
activity (both METPA and MECHPA) on BMCGAINres and BAGAINres at the whole body, 
radius, hip and spine. Results are shown in Tables 5.19 and 5.20.  
 
BMC results: There were no significant effects for any of the groups at the radius. No simple 
effects for calcium were found at any site for any of the groups except in White females at the 
hip (p=0.012). There were significant effects of MECHPA in White males on BMCGAINres at 
the whole body (p=0.03), hip (p=0.002) and spine (p=0.005), and of METPA at the hip 
(p=0.03). A significant effect of METPA at the spine (p=0.033) were observed for White 
females. The only significant interaction between calcium and METPA was seen at the spine 
in White females (p=0.027).  
 
BA results: Simple calcium effects were observed at hip in both male and female White 
children (p=0.017), as well as at the radius in White females (p=0.009). There were 
significant effects of METPA observed at the whole body in White males (p=0.044) and 
females (p=0.02). A significant calcium and METPA interaction was observed at the radius 
and at the hip in White females (p=0.011 and p=0.044), as well as a significant calcium and 
MECHPA interaction at the hip in White females (p=0.007). 
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5.7 Summary of Findings 
 
The main purpose of the studies conducted for this thesis was to describe the associations of 
lifestyle, in particular physical activity, and environmental factors (socio-economic and 
nutritional) with bone mass acquisition, for the first time in a South African group of Black and 
White children growing up in post apartheid South Africa.  
 
This chapter presented the results of the thesis in five parts. The first part described the results of 
the Actical Study which sought to evaluate the correlation between the physical activity scores as 
generated by responses given by subjects on the PAQ and data obtained from Actical 
accelerometers. Results showed that the scores generated from the subjects reporting on their 
physical activity and inactivity on the PAQ were significantly correlated with activity and 
inactivity measures generated from the Actical. There was also good reliability in the reporting of 
physical activity and inactivity by the subjects in two separately administered sessions of the 
questionnaires, one week apart. The results indicate that the PAQ provide a reasonable indication 
of physical activity levels in pre adolescent children.  
 
The Fitness Study involved a sub-sample of children from the Bone Health cohort and examined 
fitness levels and their relationship with physical activity as assessed by the PAQ and body 
composition indices as measured by anthropometry and DXA. White males were found to be the 
best performing group for all fitness tasks. When children were grouped together and classified 
into fitness categories, there was a strong correlation between fitness level, METPA score, BMI 
and body fat percentage. While physical activity has many facets to it, physical fitness in this 
group of children was shown to correlate well with self reported physical activity level and 
objectively measured body composition.    
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The children from the Bone Health cohort were also used as participants for the final three 
studies conducted for this thesis. The first of which, explored associations between physical 
activity and bone mass, with particular attention being paid to race differences. The study 
reported cross sectional bone mass and physical activity data from Black and White nine-year-old 
children. The vast majority of White children participated in physical education (PE) classes at 
school compared to less than a third of their Black peers. On the whole, White children reported 
being more physically active than Black children and males were more physically active than 
females. Black children spent a greater amount of time actively commuting to and from school 
(i.e. walking/riding) each day than White children. Black children spent a greater amount of time 
watching TV than White children. Results showed that whole body BMD, and hip and spine BA, 
BMC and BMD were significantly associated with increasing levels of activity (i.e. a greater 
METPA score) and mechanical stress (MECHPA score) in White children. More active White 
children had a superior whole body BMD (up to 8% greater), hip (up to 17% greater) BMC and 
spine (up to 17%) BMC (after adjustment for body size), than less active children, even before 
reaching adolescence and early adulthood. There were no significant associations between 
activity levels in Black children and bone mass, except for whole body BMD, where most active 
Black children had significantly greater BMD than their less active counterparts. There were no 
significant associations between METPA activity levels and BA measures, although a similar 
trend to that of BMC and BMD was observed between increasing activity level and bone area.  
 
The fourth part of the chapter details findings concerning the relationship between SES and 
physical activity patterns. A higher asset indicator score among the children was significantly 
associated with increased maternal education levels, better partner support and higher cash 
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income. The number of children participating in PE classes at school rose steadily with a higher 
asset indicator score. Children falling into Q1 (low SES) had a higher METPA score than Q2 and 
3, but not 4. The highest METPA score was seen in Q4, which was significantly higher than all 
three other quartiles and almost double the scores of Q2 and 3. There were fewer children with 
single mothers in the highly active quartiles. Additionally, there were more children with mothers 
who held tertiary qualifications in the highly active group than the less active groups. Children 
who were highly active also had the highest amount of lean mass, regardless of their height or 
amount of television watched.  
 
The final study examined longitudinal changes over a one year period in the Bone Heath cohort. 
These data on bone mass changes and physical activity levels provide the only available 
longitudinal bone mass and physical activity data on normal pre-and early-pubertal children 
living in a developing country. This study showed that White females and males accumulate 
BMC, BA, height and weight at similar rates over a 12 month period between the ages of nine 
and 10 years both before and after adjustment for body size. Black males however had lower 
height, weight, BMC (at all sites measured) and BA (whole body and spine) accumulation rates 
compared with the other groups. White males had the highest PA levels and White male children 
falling into the highest quartile of activity exhibited bone mass benefits at the whole body, total 
hip and lumbar spine sites. White children consumed approximately twice the amount of calcium 
than Black children did. Nevertheless, Black children had a higher hip BMC adjusted for body 
weight and bone area than White children at age nine (182) and 10 years, despite lower calcium 
intakes and physical activity levels. An interactive effect of calcium and physical activity was 
observed in White females for BMC at the spine and for BA at the radius and hip.  
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The findings of this thesis provide a comprehensive picture of normal habitual physical activity 
patterns and their association with lifestyle and environmental factors affecting bone mass 
acquisition in South African children by sex, race and age. The results are discussed in greater 
detail in the following chapter. 
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Chapter 6 
Discussion & Conclusions 
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Chapter 6: Discussion 
____________________________________________________________ 
 
6.1 Introduction 
 
The findings presented in the previous chapter are discussed in both a quantitative and qualitative 
manner in this chapter. The discussion is again presented in five parts, but data is also discussed 
in an integrated manner in the final section of the chapter. The results and findings of the studies 
conducted are reconciled with the findings of other researchers in the area and possible 
mechanisms and confounders are discussed. The chapter includes limitations of the studies.  
 
While all studies conducted focused on the global research framework, the first two studies were 
primarily methodological in design. The main purposes of The Actical and Fitness Studies were 
to attempt to gain a broader perspective of the many complex facets of physical activity, using 
direct and objective measures (accelerometers and heart rate monitoring) in addition to an 
indirect measure of physical activity-the physical activity questionnaire (PAQ). Studies three to 
five were conducted with larger sample sizes of children, and were more in-depth studies directed 
at describing the associations of lifestyle and environmental factors such as socio-economic 
status and physical activity with bone mass acquisition in South African children.  
 
While physical activity and bone mass intervention studies are critical for determining cause and 
effect relationships, they provide limited understanding of the natural effects of habitual physical 
activity patterns on bone mass development. Longitudinal observational studies in addition to 
intervention studies are important for describing the cumulative effect of physical activity on 
bone mass acquisition in addition to the influence of other lifestyle factors, and help ascertain 
 
 
 158 
 
whether it is possible to increase bone mass through higher levels of habitual physical activity 
(126).  
 
6.2 Part 1 - Actical Study 
 
This study was designed to determine the validity and reliability of the PAQ during a normal 
week in nine to 11 year old Black and White, male and female children. Positive and significant 
correlations were observed for activity reported on the PAQ and measured with the Actical. Time 
spent in sedentary behaviour which included doing homework, watching television, sleeping and 
playing on the computer as reported by children on the PAQ was significantly and positively 
correlated with the percentage of time that children spent in sedentary activity (including sleep) 
as measured by the Actical. A similar relationship was found at a higher levels of physical 
activity, whereby METPA hours spent doing vigorous activities (this included sports such as 
hockey, cricket, soccer etc) were significantly correlated with the percentage of time children 
spent in vigorous activities per day as measured by the Actical. The PAQ is able to differentiate 
between different intensities of physical activities and is a useful tool for evaluating physical 
activity in South African children. However the relationship between the PAQ and Actical 
assessments of activity is not along the line of identity suggesting that the PAQ overestimates at 
high values of PA and possibly underestimates at low values. Nevertheless the relationship 
allows PAQs to be used to divide children into quartiles of activity. 
 
The PAQ provided consistent results over two administrations which examined all activity 
undertaken in the preceding year. No major differences in reporting of activity levels were 
observed between the measurements. Additionally the subjects’ physical activity behaviour over 
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the four days of the Actical assessment was representative of a normal week of activity in these 
children.   
 
A comprehensive comparative study conducted by Puyau et al. (2004), concluded that the Actical 
provides a valid measure of children’s activity and is a good discriminator between sedentary, 
light, moderate and vigorous activity levels. In the present study, the Actical output was 
considered as an overall measure of activity and as percentages of time spent within ranges of 
activity levels (sedentary to vigorous). Three findings are of importance. Firstly, that the PAQ 
and the Actical are correlated at a low range of activity; secondly, the relationship between the 
two instruments holds true for activities performed at a higher intensity and thirdly that physical 
activity as reported on the PAQ was consistently reported on the weekly and yearly recall of 
activity by the subjects. It is not surprising that although the two instruments were significantly 
correlated, the correlation was only moderately strong. While PAQs may not be as useful when 
comparing physical activity between individuals, they do allow one to confidently divide a 
population into ranges or quartiles of physical activity. There have been a number of reports of 
validation of self reported PA with measures obtained from accelerometers, a wide range 
correlations has been reported (r=0.20 – 0.88) (179; 246; 249; 291). Intra class correlation 
coefficients regarding reliability of PA questionnaires have ranged from R=0.51- 0.98 (179; 246; 
267). While these reported ranges are rather wide, the correlations reported in the present study 
fall well within them and towards the upper end of both ranges.  
 
For the assessment of physical activity in children, a clear understanding of the accuracy of 
different methods used is important. Children may experience difficulty in reporting their 
physical activity (51; 213). Accelerometer based activity monitors have become smaller and more 
 
 
 160 
 
sensitive to monitoring activity over extended periods of time (220). They have been shown to be 
a valid tool for measuring physical activity in young children (212; 245). A number of review 
papers have presented guidelines with regards to best practice of placement of the Actical 
accelerometer and the number of days of monitoring needed (308; 312). Days of monitoring in 
children using the Actical is generally recommended to be between three and five in order to 
achieve reliability of 0.7 (290). Placement at the hip and recording one minute epochs of data are 
also accepted as standard protocol. This study used a four day protocol over two week days and a 
weekend, placed the Acticals on the left iliac crest of the children and the Acticals were set to 
record counts in one minute intervals. All subjects wore their Acticals continuously (except 
during showering or bathing) as evidenced by the continuous data and counts obtained when the 
data was downloaded. 
 
There are major challenges to measuring physical activity in children particularly in South 
Africa. The gold standard for measuring energy expenditure in free living humans is the doubly-
labelled water technique, which is expensive and has not been used in humans in South Africa. 
Additionally many questionnaires are specifically designed for use in developed countries and 
their transfer to other cultures in developing countries may not always be appropriate (309). To 
date only one study has designed and validated a questionnaire specific to a population in Africa 
(273), although the Global Physical Activity Questionnaire (GPAQ) is currently undergoing 
validity testing in a South African population (11). Acticals are an expensive item to purchase, 
particularly in South Africa and were therefore suitable for activity monitoring in a small group 
of children only (such as in The Actical study (part one)), but were not a feasible tool to use in 
the large cohort of children studied in Parts three to five of the thesis. For these reasons, our PAQ 
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was adapted and modified for appropriate use in a South African population of Black and White 
children, and used as the primary physical activity assessment tool throughout the thesis.  
  
In summary, the interviewer administered PAQ was found to be a valid and reliable assessment 
tool in this population of children as evidenced by its good correlation with Actical 
measurements. The PAQ is an easy to administer, cost effective tool for discriminating more 
active children from those who are less active. While absolute METPA and MECHPA scores can 
be calculated from the questionnaire, the better application of the questionnaire appears to lie in 
its ability to qualitatively rank subjects according to activity level. 
 
6.3 Part 2 - Fitness Study 
 
Fitness levels in a sub sample of Black and White, male and female children from the Bone 
Health Cohort were assessed and related to body composition and physical activity estimates as 
calculated from the PAQ. The main findings in this study are that 1) a significant and positive 
relationship between physical activity levels as estimated from the PAQ and fitness as measured 
by fitness tests was observed; and 2) a significant and negative relationship between fitness and 
fatness was observed. These findings support the PAQ as a valid tool, with good evidence to 
show that the PAQ is accurately estimating what it purports to do. 
 
Physical fitness can be divided into health related fitness, composed of a factors such as  cardio-
respiratory endurance; body composition; muscular strength and flexibility; and performance 
related fitness (power, speed-agility, hand-eye coordination etc) (40; 298). While a myriad of 
tests exist to test health related physical fitness in adults (298), there have been few studies 
reviewing the best approach for fitness testing in children. Additionally data are also lacking to 
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show the link between fitness levels in youth and health related physical fitness as an adult (86). 
Currently, there are no data describing the fitness levels in a population of South African 
children.  
 
Performance on the shuttle run test has been shown to correlate well with laboratory tests of 
maximal oxygen uptake (45; 297). The shuttle run test has been used widely in tests of physical 
fitness; in a large study (1015 children) conducted by Boreham et al. (1997), aerobic fitness as 
assessed by the shuttle run task was found to be significantly correlated with physical activity as 
reported from a questionnaire in boys (39). The findings of the present study (Fitness Study) are 
in agreement with Boreham’s results. It is important to note that gender and race distribution was 
not equal across fitness tertiles, thus it is possible that fatness (BMI) and percentage body fat may 
reflect race and gender differences instead, rather than be associated with differences in fitness 
levels. 
 
White males in this study scored significantly higher METPA scores on the PAQ and also 
performed significantly better on all fitness tasks conducted compared with any of the other 
groups. The greatest percentage of children classified as being the fittest were White males, while 
the greatest percentage of children classified as least fit were Black females. Children who were 
classified as most fit had significantly lower BMI’s and body fat percentages. There was also a 
significant and positive correlation observed between METPA score and fitness level.  
 
The present study provides support for a positive association between activity levels and fitness. 
The study however does not necessarily attribute decreased fitness to increased body fat. The 
relationship between these variables could be a self selecting one, whereby fatness may cause a 
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child to be inactive and therefore less fit. Nevertheless the results of the study agree with those of 
Rowlands et al. (233) and suggest that inactivity and decreased fitness are linked with increased 
fatness. This was also found to be the case in a later study conducted for this thesis (part four), in 
which lean mass was found to be significantly and positively associated with activity level, 
regardless of height. 
 
The results of fitness tasks conducted for this study were significantly correlated with activity 
level as estimated by physical activity questionnaire and with body composition measures. 
Currently there are no representative health related fitness databases of South African children 
who have been periodically assessed. These simple and easy to administer fitness tasks could be 
used as a tool for larger studies and provide a good model for inexpensive fitness testing which 
could be easily implemented and incorporated into schools.  
 
6.4 Part 3 - Cross Sectional Physical Activity and Bone Mass Study 
 
This was the first study to be undertaken in a large population of normal pre-pubertal children 
living in a developing country which investigated race differences in bone mass and the 
association with physical activity. The findings demonstrate that physically active children have 
greater site specific BMC and BMD than their less active peers. Whole body BMD, and hip and 
spine BA, BMC and BMD were significantly associated with increased levels of activity (i.e. a 
greater METPA score) and mechanical stress (MECHPA score) in White children. More active 
pre-pubertal White children had a superior whole body BMD (up to 8% greater), hip (up to 17% 
greater) BMC and spine (up to 17%) BMC than less active children. These findings are in 
agreement with Janz et al. (125) and  Slemenda et al. (269) who reported 4-7% greater bone mass 
in pre-pubertal children in the highest quartiles of weight bearing physical activity, as well as 
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with other epidemiological studies in which physical activity as assessed by questionnaire was 
found to be positively correlated with bone mass in children and adolescents (100; 135; 136; 161; 
196; 284). In the present study, significant positive correlations between PA and bone mass were 
found only for WB BMD in Black children. When BA, BMC and BMD were plotted against 
activity quartiles for both METPA and MECHPA scores, an increase in BMC and BMD was seen 
for White children, but not for Black children. Few studies have reported on the association of 
habitual physical activity with BA; in the present study no association was observed, although it 
is likely that with the addition of lean mass as a covariate or other body composition measures, 
differences may have been observed. In this study PA appeared to have an osteogenic association 
with bone mass in White children, but not in Black children. It appears that Black children did 
not reach a high enough “threshold” of activity to induce an osteogenic association. This was 
evidenced by the Black children’s narrower and lower range in activity scores. The highest 
activity and loading quartiles for Black children had mean scores that were much lower than 
those of the White children’s highest quartiles. Nevertheless lower PA levels in this group of 
Black children did not appear to negatively impact bone mass; Black children as a whole still had 
a greater hip and spine (girls only) bone mass than the White children at age nine. The possibility 
of a genetic protection against low bone mass and fracture in Blacks must be considered, as 
calcium intakes and physical activity were lower in the Black than in the White children. In 
Blacks in developing countries such as South Africa, as lifestyle and dietary patterns change with 
urbanization, so may also the prevalence of fractures in the elderly, thus PA may become 
increasingly more important as a means of protecting the skeleton in this population. 
 
Physical activity is an exogenous factor influencing bone health and special attention should be 
given to its role in optimizing bone health. Studies performed in developed countries such as 
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North America and Europe have shown that inactivity and activity patterns differ by race, with 
minority groups engaging in less PA (102). Hispanics and African American children have been 
found to be less active and expend less energy than Caucasian children (67). Obesity and higher 
body weight are strongly associated with a sedentary lifestyle and lack of physical activity in the 
adult population of the European Union (171), and the latter are key components of the growing 
overweight and obesity problem in Western populations. Of the few studies that have been 
published involving developing country populations (South African and Nigeria), similar 
findings have been reported (147; 164; 264). Despite differences in physical activity between 
Black and White pre-pubertal children in the present study, no differences in BMI were noted 
between the race groups in this study, but White males did have significantly greater lean body 
mass than Black males. It is possible that BMI units do not correctly reflect real differences in 
body composition measures as has recently been shown in Rush et al.’s (2007) work, where inter 
ethnic BMI was found to differ by more than 10 BMI units for the same percentage body fat 
(240).  
 
The association between activity and bone mass is greatest in the weight bearing regions of the 
skeleton. In the present study, significant positive correlations were found at all weight bearing 
sites in White children. Pocock et al. (214) have suggested that a possible reason for the hip  
being the site most receptive to differing levels of PA is because differences in skeletal load are 
most pronounced at the hip as a result of the greater increment of load at this than at other sites. It 
is known that low force activities such as a long distance running, swimming, and cycling 
increase muscle endurance but not bone mass. Maximal force activities such as weight lifting and 
sports involving violent acceleration of the body put greater loads on bones than low force 
exercises (256). Several studies have indicated that bone mass is a function of muscle strength 
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(70; 199; 258). The positive influence of body weight and muscle mass on bone is well 
documented (120), but  there is still a lack of consensus as to which factors should be correctly 
entered as covariates in bone and muscle mass analyses. Although a few studies have examined 
the intensity, frequency and duration of exercise needed to produce a significant effect on body 
composition and bone mass (18; 127; 166), none have studied children in developing countries. 
Additionally, most of these studies have been conducted in females only and very few have 
examined race differences either. Schoenau & Frost (2002) suggest that bone strength adapts to 
isometric muscle forces (256). Data from the present study substantiate this proposal. White 
children playing sport with a high bone strain such as rugby and gymnastics (high MECHPA) 
showed greater BMC and BMD at the whole body and at the hip, with the greatest difference 
again being observed at the hip (up to 17% greater in the “high strain” group than in the “low 
strain” groups). This suggests corresponding kinds of exercises during growth could help to 
achieve greater bone strength and possibly minimise fractures in later life.  
 
Studies have raised the possibility that the sooner children become active, the greater their bone 
accrual, lean muscle mass and possible peak bone mass. On the basis of current evidence it is 
clear that bones of growing children benefit most from moderate to high levels of exercise and 
activity. What is unclear at present is the duration of the effect of habitual exercise on bone once 
if it is stopped or decreased, and what effect habitual pre-pubertal exercise will have on bone 
mass following the pubertal growth spurt. Additionally it is not clear whether the same benefits 
of exercise with regards to bone mass in Black children would be observed, if they were 
participating at higher activity levels, similar to those of their White peers. What is known 
however is that rapid changes in dietary patterns, activity levels and the prevalence of obesity are 
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occurring in populations of developing countries (215) and these changes are associated with an 
increase in chronic diseases, which will need to be addressed. 
 
Understanding physical activity’s impact on bone mass is central to developing primary 
prevention strategies for osteoporosis. Programs promoting physical education and activity are 
also desperately needed, specifically in the South African context. The lack of PE lessons at 
school in predominantly Black schools is cause for concern, as it contributes to the lack of 
physical activity observed outside of school in Black children. Although fracture rates are 
relatively low at the present time in elderly Black subjects (254; 274), obesity and associated 
hypertension and diabetes are major concerns. Thus the development of a culture of exercise is 
seen as being important in attempting to address these problems.  
 
 
6.5 Part 4 - Socio-economic Status and Physical Activity Study 
 
This study analysed PA patterns and SES in children and measured the association between these 
variables. No White children were classified into the first three quartiles of SES when the data 
were analysed as a whole. Separate race analyses showed that the physical activity trends 
observed for the whole group were consistent across socio-economic quartiles regardless of race. 
A higher asset indicator score among the children was significantly associated with increased 
maternal education levels, better partner support and higher cash income. The number of children 
partaking in PE classes at school rose steadily with a higher asset indicator score.  
 
PA as analysed by compiling a METPA score showed an interesting trend. Children falling into 
Q1 (low SES) had a higher METPA score than Q2 and 3, but not 4 (high SES). This was an 
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unexpected finding as it would have been expected that METPA scores would have followed a 
“lowest to highest” trend. However, upon further analysis, it was found that almost 20% of the 
children who fell into Q1, did not own television sets. Consequently these children spent the 
second lowest amount of time watching TV. Additionally many of the children in this quartile did 
not have the same luxury items found in households of children from higher SES groups, 
suggesting that more of their time could be occupied with PA, both informal (on street etc) and 
formally (at school). Although formal school physical activity is unlikely due to poorer access to 
facilities in schools of a lower socio-economic status.  The children in the lowest quartile also 
would have had the least amount of money in order to buy snacks of food at school, and perhaps 
not be able to pay for taxi’s or buses to school each day. These children had the lowest weight, 
BMI and fat tissue mass. This higher level of METPA and lower level of TV watching may be 
contributing to the healthier body composition patterns evident in the children in Q1. The highest 
METPA score was seen in Q4, which was significantly higher than all three other quartiles and 
almost double the scores of Q2 and 3. There is some controversy in the literature regarding SES 
and PA. A study conducted in the Philippines (77) showed that children from private schools 
were less physically active and more likely to prefer television to outdoor games. The results of 
this study in a South African population show the opposite and are in agreement with studies 
which have found higher PA levels to be associated with a higher SES (143; 144). Children in Q4 
had the highest PA scores, were more likely to participate in PE at school and had significantly 
higher amounts of lean mass, regardless of race. 
 
In the whole sample, weight increased significantly in the third and fourth SES quartiles, 
compared with the first and second SES quartiles. BMI increased up until the third SES quartile 
and then decreased in the fourth SES quartile. This appeared to largely be due to the racial 
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distribution of the subjects, as there were mostly White children only within the fourth quartile. 
The fact that all the White children fell into the highest SES quartiles is largely a function of 
South Africa’s historical past. Upon further analysis for the Black children only, BMI continued 
to increase with increasing socio-economic status. The rest of the trends observed between 
anthropometric variables, physical activity and increasing socio-economic status remained 
consistent between the whole group and for Black children alone. Fat tissue and lean tissue mass 
increased with increasing SES status. There were more married and more highly educated 
mothers in the most active groups compared with less active groups. Similar findings have been 
reported in adults where inactivity has been found to be most common in those with a low 
education level (205).   
 
The physical activity data showed White children were more active than Black children and boys 
were also found to be more active than girls. These findings are consistent with studies performed 
in developed countries that have also found similar race and gender differences in PA patterns to 
those reported here (101). Less than half of the children in this study participated in PE classes at 
school. The PA score (METPA) was significantly correlated with participation in PE classes; it 
may be that a lack of PE being offered at school level is translating into low levels of after school 
or club sport and activity. Low levels of habitual physical activity have serious implications for 
later health and social development.  
 
No significant differences in lean mass between television quartiles after controlling for activity 
level and fat mass were found, but a significant association was observed between lean mass and 
increasing activity levels, after controlling for television watching time and fat mass. This 
relationship held true for Black and White children. Stafford (1998) explored fat mass by TV and 
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activity level. She found a stronger relationship between fatness and activity level than between 
fatness and television watching (276). A similar relationship was found in the present study, 
specifically when exploring lean mass. 
 
To date few studies have examined factors influencing PA in developing countries. The data 
presented in the present study suggest important patterns of determinants of PA across groups of 
varying SES status. It is clear that childhood PA is of a multi dimensional nature and socio-
economic and cultural factors have a definite influence on these patterns. In this group of children 
it appears that physical activity patterns could either be regulated by the primary caregiver or by 
the school that the child attends. If the school does not provide PE classes or after school sport, 
parental or caregiver support may act as a stimulus. If the parent or caregiver provides the 
support, their SES circumstances might influence the children’s ability to participate in these 
extramural activities.  
 
Physical activity is one of the most important modifiable factors influencing the incidence of 
chronic disease. Abernathy et al. (2002) suggest that it may be possible to cushion the impact of 
poverty on health through policies that could increase PA levels among those living in poverty 
(2). In order to develop individual level and policy level interventions, it is imperative that we 
understand all aspects affecting PA in potentially disparate populations (205).  
 
6.6 Part 5 - Longitudinal Physical Activity and Bone Mass Study 
 
The main determinants of peak bone mass are heredity, gender and race (98), and all of these 
determinants are associated with differing osteoporotic fracture rates and bone densities. 
Regardless of race or gender, nutrition and physical activity participation are considered to be the 
 
 
 171 
 
most modifiable environmental factors influencing bone mass. This is particularly so in the pre-
pubertal years, which appear to be the most responsive to these influences (107; 139; 178). There 
are little longitudinal observational data on the effects of habitual physical activity and calcium 
intakes on bone mass accretion in children, especially in racially diverse populations in 
developing countries such as in South Africa. The situation in South Africa is of particular 
interest since South African Blacks are reported to have among the lowest hip fracture rates in the 
world, but lifestyles are under rapid transition currently (253; 274).  
 
These data on bone mass changes and physical activity levels over a one year period in a 
population of Black and White children, together with our other studies (182; 183) currently 
provide the only available DXA measured bone mass and physical activity data on normal pre-
and early-pubertal children living in South Africa. The present study has shown that White 
females and males accumulate BMC, BA, height and weight at similar rates over a 12 month 
period between the ages of nine and 10 years both before and after adjustment for body size. 
Black males however had lower height, weight, BMC (at all sites measured) and BA (whole body 
and spine) accumulation rates compared with the other groups. White males had the highest PA 
levels and White male children falling into the highest quartile of activity exhibited bone mass 
benefits at the whole body, total hip and lumbar spine sites. White children consumed 
approximately twice the amount of calcium as did Black children. Nevertheless, Black children 
had higher hip BMC adjusted for body weight and bone area than White children at age nine 
(182) and 10 years, despite lower calcium intakes and physical activity levels. This racial 
disparity in dietary calcium intake has also been reported in the first National Youth Risk 
Behaviour Survey conducted in South Africa in 2002, in which it was found that significantly 
more White children (70%) had drunk milk on four or more days in the preceding week to the 
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survey, than had Black children (42%) (227). Although this is a crude estimate of calcium intake 
it is indicative of racial group differences in calcium consumption. The results of this study 
conflict with data reported from the only other study examining bone measurements (using 
ultrasound) in pre- adolescent girls living in South Africa. Micklesfield et al. (2004) reported that 
dietary calcium intake was lower in White girls compared with Black girls and reported no 
difference between ethnic groups for METPA score, but did report higher MECHPA scores in 
White girls (188).  
 
Despite the fact that a significant relationship with physical activity and bone mass in Black 
children was not observed in this study our results do confirm the well established relationship 
between physical activity and bone mass in white children (23; 107; 142; 269). This relationship 
is governed by the degree of physical activity; in order for sizeable bone mass changes to occur, 
physical activity must be great enough to induce these positive effects (278) . These data show 
that indeed it does appear that physical activity levels need to be above a certain threshold in 
order for bone mass benefits to be seen. This phenomenon has been demonstrated in exercise 
intervention studies but data such as these have not been reported for observational studies of 
habitual physical activity. In the present study, White males showed both a wider and higher 
range of scores for METPA and MECHPA compared with all other groups and the benefits of 
these higher levels of activity are reflected in the greater BMC and BA in highly active children 
(quartile 4). This “threshold” of activity is important to consider when designing exercise 
programs aimed at increasing bone mass. Whether this ‘threshold’ is reached by performing 
activities with a high enough strain on the bone for a short period of time or performing less 
strenuous activities for a longer period of time is unclear. The minimum effective dose of weight 
bearing activity remains controversial, studies have shown bone mass increases from jumping for 
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as little as three minutes per day (177). In the current study, the most popular sports among White 
boys were soccer, cricket, tennis and swimming. White boys in the fourth quartile of activity 
were playing sport for approximately one to one and a half hours per day.   
 
Most studies examining differences in bone mass during the pre-pubertal years have been limited 
to Caucasians, although McKay et al. (2000) reported lower calcium and physical activity levels 
in Asian children compared with White children. Racial differences were also observed in bone 
mass, with Asian boys showing lower femoral neck bone volume and BMD (178). This study 
confirms the previous findings of lower PA levels in Black children presented in parts two, three 
and four of the thesis. Similar findings have been reported in developed countries such as the US 
where African American children were found to have the lowest levels of activity when 
compared with non-Hispanic White, Hispanic and Asian children (101). When physical activity 
levels are high and possibly above a threshold or “active” time period, significant bone mass 
effects are seen. This was evident for White males, where associations between PA and 
residualized bone mass at the whole body, hip and spine were observed. All White males who 
were in the highest quartile of activity showed residualized bone mass well above zero (the 
expected score for the weight and bone area of the child).  It thus appears that they were the only 
group who had high enough levels of habitual physical activity, such that a positive and 
significant effect on bone mass at the whole body, hip and spine was seen. The lack of any effect 
of physical activity on radial bone mass adds support to the contention that it is a weight bearing 
effect of PA that induces the changes in bone mass. This study supports the hypothesis that 
mechanical loading during the growing years impacts on bone mass and structural indices such as 
bone area. Children with highest activity levels had residualized BAGAIN above zero, indicating 
that they were well above their weight and height matched bone area accumulation rates.   
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There has been some work which suggests that the effect of interstitial pressure on BMC may 
cause accentuated bone gain. A study conducted by Dodd et al. (1999) demonstrated that after a 
few days of disuse, osteocytes present in  long bone become hypoxic (68). A signal for 
osteoclastic resorption may occur in children not performing high mechanical loading activities 
due to osteocyte hypoxia. 
 
These data do not suggest that calcium has a synergistic effect with physical activity on BMC in 
boys as has been previously suggested (234; 275). However, calcium and physical activity did 
show an interactive effect on bone area of White girls at the spine, radius and hip as has been 
reported in intervention studies (121). This may in part explain the increased residualized bone 
area gain observed in the fourth quartile of physical activity despite the fact that White girls were 
not as active as White boys. Calcium and exercise may play a synergistic role on bone area gain 
in girls when both factors are high. The current recommendation in the United States for calcium 
intake in Caucasian children is 1300mg/day (87). Based on this amount, none of the groups in 
this study met the current recommendation with the mean intake of White children being about 
56% and that for Black children about 25% of the adequate intake for calcium. The possibility 
that calcium intakes were not high enough to induce a positive association with bone mass or a 
synergistic effect with physical activity in other groups must also be considered.   
This study does raise an apparent paradox. Despite the low calcium intakes and low physical 
activity levels of South African Black children, they still have higher bone mass at the hip than 
White children and similar values to their White peers at other sites. The findings from the 
studies presented in this thesis, that Black South African children have greater bone mass at the 
hip than their White peers are similar to data reported for African American children. Our Black 
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South African children, however, are comparatively disadvantaged. These data suggest that racial 
differences are site specific and are likely to be the result of strong genetic influence in the face 
of adverse environmental factors. 
  
In summary the findings of this study have demonstrated differences in habitual physical activity 
levels and calcium intakes between Black and White South African children. An interactive 
effect of calcium and physical activity was not shown in any groups expect for bone area gain in 
White girls. Additionally residualized bone mass gain, which is a good indicator of weight and 
bone area matched BMC gain, is highest at all weight bearing sites in the most physically active 
White children. The same trend was observed for weight and height matched BA gain, whereby 
BA gain was greatest at all weight bearing sites in the most active children. It is likely that the 
increase observed in BMC is due to a combination of both an increase in BA and BMD with 
increased activity as even after correcting for BA, analyses showed that BMC was still greatest in 
most active children. Studies making use of structural indices of bone (measured by using pQCT 
for example) will be able to elucidate this further in the future. These studies are currently 
underway. 
 
6.7 Study Limitations  
 
The Actical Study, while providing reliable and valid data, had some limitations. Separate 
analyses of the data for males, females, White and Black children were not appropriate because 
of the small sample sizes. Also, activity levels recorded on week days vs. weekend days were not 
different in this study, even though it has been documented that there are differences in activity 
patterns on these days (290). The non significance may well have been due to a small sample size 
and large variances. It is possible that the subjects’ activities were not monitored for a long 
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enough time period. Moreover in the Actical Study all groups showed comparable levels of 
physical activity, while in studies  conducted with larger sample sizes physical activity patterns 
have been shown to differ between gender and race groups (101; 221; 288). These findings are 
corroborated in later parts of the thesis (parts two to five), where gender and race differences in 
activity levels were observed. A further limitation is that the Actical is a uni-axial accelerometer, 
measuring acceleration in one plane only. Activities such as cycling and swimming may not have 
been accurately recorded.  
 
It would have been preferable to measure actual oxygen consumption to assess VO2 levels in the 
subjects used for the Fitness Study. However, due to budgetary and logistical constraints this was 
not possible. It is possible that subjects’ personal motivational levels to perform well in the 
standardized fitness tests used to assess fitness may have differed on the day of testing. Some 
children may have been more motivated to do well, regardless of the fact that all subjects were 
give the same verbal encouragement on all tasks. A larger sample size would have been useful in 
this study in order to attempt to generate some South African norms with regards to general 
fitness levels in pre-pubertal children.  
Other limitations to the studies conducted for this thesis include the smaller number of White 
children in comparison to the larger sample of Black children. This is largely a function of the 
racial distribution of the South African population and the way the cohort was developed, which 
was representative of the ethnicity of the SA population. Additionally, children were asked to 
recall their physical activity patterns over the previous year, the time period may have been too 
long for children to remember accurately. Quarterly assessments may have provided a more 
accurate representation of the subjects’ PA patterns. The children enrolled in the Bone Health 
study are from urban areas and the results of this study may therefore not necessarily be 
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extrapolated to children from rural areas, where children may have higher levels of physical 
activity due to duties such as herding cattle, fetching water and firewood as well as having more 
space to play outdoors. The results reported in the present study of South African children may 
not be necessarily extrapolated to other populations. It will be important to follow these children 
longitudinally in order to examine whether the observations made here persist into adolescence. 
To date, only one study has reported on a maintained increased bone mass in more habitually 
physically active children after three years compared to their less active peers (126). Although a 
number of approaches to assessing children’s PA have been described, no specific method has 
been identified as the best option for all studies (313). While there are limitations to using activity 
recall questionnaires in this large longitudinal cohort of children, recall questionnaires were the 
only practical way to assess PA in this cohort. 
 
Additionally we are aware of the limitations of using DXA measurement in children, specifically 
that the measures reported on in this thesis provide no information on structural alterations of 
bone and overlook the periosteal and endosteal dimensions that influence bone strength.  
 
6.8 Summary and Conclusions 
 
Osteoporosis, a chronic musculoskeletal disease affecting a large proportion of the population 
over the age of 60 is likely to reach epidemic proportions over the next 20 years due to the ageing 
population. Low BMC in old age may be the result of low peak bone mass being attained during 
the first two decades of life, an excessive loss of bone during ageing, or both (260). Enhancing 
bone mass acquisition offers the best protection against later bone loss and is therefore the most 
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effective approach to preventing osteoporosis. Since peak bone mass is influenced by modifiable 
and non-modifiable factors, exercise may play a crucial role in the prevention of osteoporosis. 
There is convincing evidence showing that weight-bearing exercise during growth increases 
BMC accrual. Its effectiveness however, depends on the type, intensity and duration of exercise, 
as well as the age at which the exercise is started. Lack of physical activity is a major public 
health issue and intervention is necessary at the population level. Experts have declared 
consequences of low physical activity to be major factors influencing low bone mass, obesity, 
chronic diseases, seriously compromised health and well-being, and these are associated with 
high medical and social costs. A sustained campaign of physical activity awareness needs to be 
developed.  
 
This thesis studied the assessment and determinants of physical activity for the purposes of 
understanding bone mass acquisition patterns and the factors influencing them in a racially 
diverse group of children living in a developing country. Additionally, the thesis aims to inform 
those involved in public health interventions and health promotion activities of the current South 
African situation. Methodological issues related to this research, such as issues of physical 
activity assessment and bone mass measurement were examined. Determinants of physical 
activity behaviours were explored and associations of lifestyle and environmental factors with 
bone mass acquisition were discussed. Five studies were conducted in series and parallel in order 
to establish a better understanding of factors influencing bone mass in children.  
 
Few data exist on South African children’s physical activity behaviour patterns and the 
influencers thereof. Furthermore, only limited data on South African children’s bone mass status 
exists (49; 188; 202; 207; 208; 211; 304). The studies described in this thesis concern normal 
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habitual physical activity patterns in a racially diverse group of children living in post apartheid 
South Africa. The findings of the studies described, support the notion that habitual weight 
bearing exercise is positively associated with bone accrual in growing children provided it is 
above a mechanical threshold. The positive association of bone mass and physical activity is 
maintained when examined over a one year period. Black children were less fit, less physically 
active, had lower calcium intakes and came from less favourable socio-economic conditions than 
White children. Despite this, Black children remained with a size adjusted advantage of a higher 
hip bone mass than their age and maturity matched White peers at ages nine and 10 years. The 
rapidly changing way of life in South Africa could impact on the genetic advantage afforded to 
these children. 
 
In conclusion, there are major disparities between the physical activity patterns of Black and 
White South African children. Moreover, there are racial differences in bone mass acquisition 
patterns in these children. South Africa is an emerging economy, characterised by high 
unemployment and low income per capita. While genetic protection against low bone density 
remains strong, it is assumed that South African Black adults will develop significant 
osteoporosis due to changes in lifestyle in the future. The only feasible way of confronting the 
possible epidemic of osteoporosis is to implement sustainable, cost effective strategies aimed at 
increasing bone mass acquisition during the pre and early pubertal years. Public health strategies 
directed towards improving bone health in children may be an effective means of pre-empting 
and reducing the future risk of osteoporosis. The data collected for this thesis will provide policy 
makers with information on general habitual physical activity and inactivity patterns of South 
African urban children. Specific prevention and intervention strategies taking all factors 
described in this thesis into account can be implemented based on these data. While major 
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influencing factors such as socio-economic status take many years to alter, healthy physical 
activity patterns and participation can be instilled in children at a young age. Studies reviewed in 
this thesis have shown that easily implemented programs aimed at enhancing bone mass can be 
easily incorporated into school regimes with no equipment needed at all.  
 
This thesis has laid down foundation work in the field of physical activity and bone mass in 
South African children. In particular the data has shown that irrespective of race, there is a 
threshold of activity which needs to be reached in order for habitual physical activity to positively 
influence bone mass. Additionally irrespective of genetic predisposition, physical activity plays a 
role in the development of a leaner body composition. Physical activity patterns in children are 
highly influenced by socio-economic status and maternal characteristics. The next step will be to 
build on the work described here in order to develop and implement physical activity intervention 
programs within the frameworks described. 
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6.9 Future Research 
 
The findings presented in this thesis raise a number of further questions which require probing. It 
will be useful for future work to expand on the findings of this thesis; in particular, the physical 
activity questionnaire should be conducted with a much larger sample of children from different 
geographical regions in South Africa. This would enable the questionnaire to be validated for use 
in hard-to-reach areas and in poor populations where it would not be feasible to use sophisticated 
physical activity measurement techniques. Alternately, it is hoped that there will be promising 
results from the Global Physical Activity Questionnaire (GPAQ) studies which would enable 
comparable data across countries to be generated. Since the doubly labelled water technique has 
not been used in a South African population, this would be a useful study to conduct too. 
Additionally with the advent of new tri-axial accelerometers, physical activity questionnaire data 
need to be compared to these readings. 
  
A large scale fitness study needs to be conducted in South Africa. The tests described in this 
thesis are simple, cheap and easy to administer. If they are done in a large sample of children, the 
data will enable South African norms to be developed. Fitness testing could be incorporated into 
a physical education program at school, whereby children’s fitness levels could then be compared 
annually or bi-annually across age, race and sex groups as is being done in other developed 
countries such as Australia and the United States.  
 
It would be of interest to monitor whether the socio-economic status of South African Blacks 
changes as the country becomes a more developed democracy. Socio-economic data obtained 
could be used to design studies and programs which address the specific needs of high risk 
populations. The bone mass studies have raised questions regarding the type, intensity and best 
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frequency of physical activity for best enhancing bone acquisition. Intervention studies in South 
African children, which examine the timing of exercise and effects of calcium supplementation 
between race groups, should also be conducted to ascertain whether the response of bone would 
be same across race groups. Advanced statistical techniques using multi level modeling needs to 
be done on order to incorporate all factors identified in this thesis. Finally, the findings highlight 
the need for further research into changes in bone geometry using more advanced techniques 
such as pQCT in South African children.   
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Appendix 1- Sample Caregiver Information Sheet 
 
Physical activity levels in South African children 
Subject Information Sheet (primary caregivers) 
 
Dear Parent,  
 
Hello, my name is Joanne McVeigh and I am part of the Mineral Metabolism Research Unit at 
Wits University. We are researching the factors responsible for the development of good bone 
mass in children. The link between physical activity and a good bone mass has been established 
over the past few years. Frequent bouts of weight bearing activity during childhood are important 
in the attainment of a good bone mass and to offset normal age related bone loss. We are 
investigating the physical activity levels of South African children with the use of a 
questionnaire. This is to enable us to compare our children’s levels to other children physical 
activity levels around the world. We need to validate our physical activity questionnaire against 
another measure of physical activity in order to see how reliable it is.  
 
For this study we would like 30 children to wear accelerometers on their hip for a period of four 
school/week days. Accelerometers are non invasive devices that are simply clipped to a skirt or 
pair of pants on the hip bone of the child and serve to measure activity counts over a four day 
period. They are about the size of a R5 coin. The data collected from these accelerometers will be 
downloaded onto a computer and compared with data filled in on a physical activity 
questionnaire. The physical activity questionnaire will be filled in four times. We would like to 
see if our physical activity questionnaire is a good indicator of actual activity.  
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We ask that children behave as they normally would for the four days of the study. The 
accelerometers will be brought to your child’s classroom and will be collected again four days 
later. Any sport participation should continue and the accelerometer should be worn at all times, 
except for when bathing, showering.  
 
Please note that should you agree to participate in this research, you will be free to withdraw at 
anytime without prejudice. Additionally all results and information will remain confidential. A 
unique numerical identifier will be used for each child, such that names and identities will not be 
revealed.  
 
If you would like to participate in this study, please fill out the informed consent sheet below. Or 
if you wish to ask me any questions about the study, please feel free to contact me on *** or 
email me on *** 
 
Thank you so much for your participation and contribution to this important research. 
 
Yours truly, 
Joanne McVeigh 
Wits Medical School 
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Informed Consent 
 
 
I ________________________________________________________________________ 
(caregiver)  hereby agree to let ________________________________________participate is 
this study conducted by the MRC Mineral Metabolism Research Unit to investigate physical 
activity levels in South African Children. I acknowledge that I am fit and healthy and able to 
partake in the two indirect measures of physical activity which have been explained to me. The 
research has been explained to us and we understand what will be expected of us. We understand 
that the Committee for Research on Human Subjects of the University of the Witwatersrand has 
sanctioned all experimental procedures. We participate in this study on condition that our results 
will be treated confidentially. We acknowledge that the results may be published in medical 
journals; however our names and family names will not be mentioned. We understand that 
participation is voluntary and we remain free to withdraw from the project at any time without 
prejudice. 
 
Caregiver________________________________________Date____________________ 
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Appendix 2- Sample Subject Information Sheet (Child) 
 
Physical activity levels in South African children 
Subject Information Sheet (child) 
 
Dear subject,  
 
Hello, my name is Joanne McVeigh and I am part of a research unit at Wits University. We are 
very interested in finding out all about all the things that are good for our bones. Did you know 
that doing weight bearing exercises (like running and jumping) is very good for making our 
bones strong? 
 
We need your help with some of our research! We need to find out how much exercise South 
African children are doing, so that we can see if it is enough to make strong and health bones. 
 
What we need you to do is this: 
 
Wear a little device (called an accelerometer), clipped onto your school uniform (or normal 
clothes) at the level of your hip bone for 4 days. The device is no bigger than a R5 coin. I will 
come to your classroom and show you how to attach it. You will need to wear this device all day, 
except while showering or bathing, and behave as you normally would. On the fourth day, I will 
come back to your classroom and collect the device. I will also ask you to fill out a physical 
activity questionnaire which asks questions all about the sport and exercise that you do. That’s 
it!! 
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You guys should know that if you and your caregiver agree that you can participate in this study, 
you will able to withdraw or stop the research at anytime. Also your information will be kept 
very private because each child will be given their own number instead of their name.   
 
If you would like to participate in this study, please fill out the informed consent sheet below. Or 
if you wish to ask me any questions about the study, please feel free to contact me on **** or 
email me on **** 
 
Thank you so much for your participation and contribution to this important research. 
 
Yours truly, 
Joanne McVeigh 
PhD candidate  
Wits Medical School 
 
 
 241 
 
Appendix 3- Physical Activity Questionnaire (PAQ) 
 
 
PHYSICAL ACTIVITY QUESTIONNAIRE 
 
1. ACTIVITIES AT SCHOOL 
 
1.1  Do you attend physical education/P.E./games lessons at school? 
 
Yes=1 
 
No=0 
 
What do you do in these classes? How often are classes held & how long are classes? 
 
 
Activities 
 
Times / week 
 
Hours / time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INFORMAL ACTIVITIES 
 
     Do you engage in any physical activity outside school but NOT in a sports club e.g.  
     riding a bike, playing in the street or yard, etc? What activities do you engage in, how   
     often & how long? 
 
 
Activities 
 
Times / week 
 
Hours / time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.      SEDENTARY ACTIVITIES 
 
    Do you engage in any of the following activities before or after school (MON - FRI)?     
    If so, for how many hours per day? 
 
Watching TV and videos 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
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Reading, drawing, music lessons, homework during the week 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
Playing video games during the week 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
 
     Do you engage in any of the following activities on the weekend (SAT & SUN)?  
     If so, for how many hours per day? 
 
 
Watching TV and videos 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
 
Reading, drawing, music lessons, homework during the week 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
 
Playing video games during the week 
 
Yes=1 
 
No=2 
 
Hrs / day during the week______ 
 
TRANSPORT 
 
How do you get to school and how long does it take to get there and back? 
By car, bus, taxi, train etc. 
 
Yes=1 
 
No=2 
 
There:____________minutes 
 
Back:____________minutes 
 
Walking 
 
Yes=1 
 
No=2 
 
There:____________minutes 
 
Back:____________minutes 
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When you walk, at what pace (how fast) do you usually walk? 
 
 
At a vigorous pace, that makes me 
breath much harder than normal 
 
1 
 
 
At a medium pace that makes me 
breath somewhat harder than normal 
 
2 
At a slow pace when there is no 
change in my breathing 
 
3 
 
Bicycle 
 
Yes=1 
 
No=2 
 
There:____________minutes 
 
Back:____________minutes 
 
When you cycle, at what pace (how fast) do you usually cycle? 
 
At a vigorous pace, that makes me 
breath much harder than normal 
 
1 
 
 
At a medium pace that makes me 
breath somewhat harder than normal 
 
2 
At a slow pace when there is no 
change in my breathing 
 
3 
 
Combination: e.g. walking and taxi, bus and walking 
 
Yes=1 
 
No=2 
 
 
 
There:____________minutes 
 
 
 
Back:____________minutes 
 
 
 
Other 
 
Yes=1 
 
No=2 
 
There:____________minutes 
 
Back:____________minutes 
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EXTRA MURAL ACTIVITIES AT SCHOOL 
 
 
 
How many months of the yr? 
 
Prac/Wk 
 
Hrs/Prac 
 
Comp/Wk 
 
Athletics (running) 
 
 
 
 
 
 
 
 
 
Athletics (other) 
 
 
 
 
 
 
 
 
 
Cricket 
 
 
 
 
 
 
 
 
 
Swimming 
 
 
 
 
 
 
 
 
 
Tennis 
 
 
 
 
 
 
 
 
 
Hockey 
 
 
 
 
 
 
 
 
 
Netball 
 
 
 
 
 
 
 
 
 
Rugby 
 
 
 
 
 
 
 
 
 
Soccer 
 
 
 
 
 
 
 
 
 
Badminton 
 
 
 
 
 
 
 
 
 
Basketball 
 
 
 
 
 
 
 
 
 
Ballet 
 
 
 
 
 
 
 
 
 
Cycling 
 
 
 
 
 
 
 
 
 
Dancing 
 
 
 
 
 
 
 
 
 
Gymnastics 
 
 
 
 
 
 
 
 
 
Judo / karate 
 
 
 
 
 
 
 
 
 
Squash 
 
 
 
 
 
 
 
 
 
Volleyball 
 
 
 
 
 
 
 
 
 
Other 
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PRIVATE EXTRA MURAL ACTIVITIES  
 
 
 
 
How many months of the yr? 
 
Prac/Wk 
 
Hrs/Prac 
 
Comp/Wk 
 
Athletics (running) 
 
 
 
 
 
 
 
 
 
Athletics (other) 
 
 
 
 
 
 
 
 
 
Cricket 
 
 
 
 
 
 
 
 
 
Swimming 
 
 
 
 
 
 
 
 
 
Tennis 
 
 
 
 
 
 
 
 
 
Hockey 
 
 
 
 
 
 
 
 
 
Netball 
 
 
 
 
 
 
 
 
 
Rugby 
 
 
 
 
 
 
 
 
 
Soccer 
 
 
 
 
 
 
 
 
 
Badminton 
 
 
 
 
 
 
 
 
 
Basketball 
 
 
 
 
 
 
 
 
 
Ballet 
 
 
 
 
 
 
 
 
 
Cycling 
 
 
 
 
 
 
 
 
 
Dancing 
 
 
 
 
 
 
 
 
 
Gymnastics 
 
 
 
 
 
 
 
 
 
Judo / karate 
 
 
 
 
 
 
 
 
 
Squash 
 
 
 
 
 
 
 
 
 
Volleyball 
 
 
 
 
 
 
 
 
 
Other 
 
 
 
 
 
 
 
 
 
 
 
 
 246 
 
Appendix 4- Socio-economic and Core Questionnaire 
ADULT CORE QUESTIONNAIRE 
 
 
 BTT ID NUMBER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 BONE STUDY ID NUMBER 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 
 
0 
 
CHILD’S FIRST NAME(S) & SURNAME 
 
__________________________________________________________________  
 
PRIMARY CARETAKER’S NAME(S) &  SURNAME 
 
__________________________________________________________________ 
 
PRIMARY CARETAKER’S RELATIONSHIP TO THE CHILD 
 
Are you the biological mother of the child? 
 
 
Yes=1 
 
No=0 
If you are not the biological mother: What is your relationship to the child?  
(eg child’s mother’s sister or paternal grandmother) 
____________________________________________________________________ 
 
SCHOOL INFORMATION ON CHILD 
 
What is the name of your child’s school?___________________________________ 
 
What the address of your child’s school? ___________________________________ 
 
What grade is your child in? 
Grade 1 1 
Grade 2 2 
Grade 3 3 
Grade 4 4 
Grade 5 5 
 
Has your child repeated any grade(s) at school? 
 
Yes=1 
 
No=0 
IF YES which grades? 
Grade 1 1 
Grade 2 2 
Grade 3 3 
Grade 4 4 
Grade 5 5 
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HOUSEHOLD INFORMATION 
 
Please list all the members of the household where the child lives (people generally sharing 
the same main meal). 
 
Start with the household head and then complete from the oldest to the youngest person 
(including the child). 
 
 
Name 
 
Sex 
 
Age 
 
Relationship to child 
 
1.  
 
 
 
 
 
 
 
2.  
 
 
 
 
 
 
 
3. 
 
 
 
 
 
 
 
4. 
 
 
 
 
 
 
 
5. 
 
 
 
 
 
 
 
6. 
 
 
 
 
 
 
 
7. 
 
 
 
 
 
 
 
8. 
 
 
 
 
 
 
 
9. 
 
 
 
 
 
 
 
10. 
 
 
 
 
 
 
 
11. 
 
 
 
 
 
 
 
12. 
 
 
 
 
 
 
 
13. 
 
 
 
 
 
 
 
Please list all the people who have died in your household, since the child has been alive, and 
state their relationship to the child 
 
 
 
 
 
 
 
 
 
 
 
In how many rooms do these above household members sleep 
(including kitchen, lounge, dining room, bedrooms or outside 
structures)? 
________________________________________________ 
 
In your home, how many rooms are there just for sleeping?__________ 
 
 
Name 
 
Sex 
 
Age 
 
Relationship to the child 
 
1. 
 
 
 
 
 
 
 
2. 
 
 
 
 
 
 
 
3. 
 
 
 
 
 
 
 
4. 
 
 
 
 
 
 
 
5. 
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How would you describe your home? 
 
 
Shack/Zozo 
 
1 
 
House 
 
3 
 
Shared House 
 
5 
 
Flat/cottage 
 
2 
 
Hostel 
 
4 
 
Room/Garage 
 
6 
Other, please state 
 
Household water: Do you have access to? 
 
Indoor water  
1 
Only outside tap water   
2
Other water source  
3 
 
What type of toilet do you have? 
 
 
Flush inside 
 
1 
 
Only flush outside 
 
2 
 
Pit/bucket 
 
3 
 
Other, please state 
 
How do you dispose of your refuse? 
 
 
Dump garbage away from home 
 
Yes=1 
 
No=0 
 
Burn garbage 
 
Yes=1 
 
No=0 
 
Bury garbage in yard 
 
Yes=1 
 
No=0 
 
Garbage gets collected  
 
Yes=1 
 
No=0 
 
Which of the following do you have in your household at the  
present time? 
 
Electricity 
 
Yes=1 
 
No=0 
 
Television 
 
Yes=1 
 
No=0 
 
Radio 
 
Yes=1 
 
No=0 
 
Motor vehicle 
 
Yes=1 
 
No=0 
 
Fridge 
 
Yes=1 
 
No=0 
 
Washing machine 
 
Yes=1 
 
No=0 
 
Telephone 
 
Yes=1 
 
No=0 
 
Video machine 
 
Yes=1 
 
No=0 
 
Microwave 
 
Yes=1 
 
No=0 
 
MNet 
 
Yes=1 
 
No=0 
 
DSTV 
 
Yes=1 
 
No=0 
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Marital status of primary caretaker: 
 
Single 
 
1 
 
Divorced / separated 
 
2 
 
Married 
 
3 
 
Widowed 
 
4 
 
Living with partner, not married 
 
5 
 
 
 
 
 
  Support for the child: 
 
Is the child’s biological father living with you 
(if you are the biological mother)? 
 
Yes=1 
 
No=0 
 
Does the child’s biological father give any 
financial assistance? 
 
Yes=1 
 
No=0 
 
Do you get financial help for the child from 
your current partner (if you are the biological 
mother and if he is not the biological father of 
child) 
Yes=1 No=0 
 
Is the child currently covered by medical aid? 
 
Yes=1 
 
No=0 
 
 
 
 
Education (last standard passed): 
 
Primary 
caretaker 
 
Current 
Partner 
No formal education  
1 
 
1 
Grade 1-2  
2 
 
2 
Std 1-3    (Grade 3-5)  
3 
 
3 
Std 4-5    (Grade 6-7)  
4 
 
4 
Std 6-7    (Grade 8-9)  
5 
 
5 
Std 8       (Grade 10)  
6 
 
6 
Std 9       (Grade 11)  
7 
 
7 
Matric     (Grade 12)  
8 
 
If College or University education: 
Please indicate highest degree/diploma  
 
 Primary 
caretaker 
___________ 
 
 Partner 
 
__________ 
Primary caretaker’s  job /occupation (including work in the informal sector)  
 
            __________________________________________________________ 
If not formally employed, are you actively seeking a job? 
 
Yes=1 
 
No=0 
 
Current partner’s job/occupation (including work in the informal sector)  
 
            __________________________________________________________ 
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If not formally employed, is he actively seeking a job? 
 
Yes=1 
 
No=0 
 
 
Income is a sensitive question to many people. However, it is very important that we have an 
idea of your monthly income. We would appreciate it if you could answer the following 
questions: 
 
Primary caretaker’s monthly income: 
 
 
No cash income 
 
0 
 
Between R1 and R500 
 
1 
 
Between R501 and R1000 
 
2 
 
Between R1001 and R2000 
 
3 
 
Between R2001 and R3000 
 
4 
 
Between R3001 and R4000 
 
5 
 
Between R4001 and R5000 
 
6 
 
more than R5000 
 
7 
 
Current partner’s monthly income: 
 
 
No cash income 
 
0 
 
Between R1 and R500 
 
1 
 
Between R501 and R1000 
 
2 
 
Between R1001 and R2000 
 
3 
 
Between R2001 and R3000 
 
4 
 
Between R3001 and R4000 
 
5 
 
Between R4001 and R5000 
 
6 
 
More than R5000 
 
7 
 
 
Don’t know 
 
8 
 
 
 
FERTILITY OF THE CHILD’S BIOLOGICAL MOTHER (If applicable) 
 
Does the child have any younger  
 
brothers or sisters?  
 
Yes=1 
 
No=0 
 
IF YES specify dates of birth:                           d  d    m  m    y y 
 
Child 1 ____/____/__ 
 
Child 2 ____/____/__ 
 
Child 3 ____/____/__ 
 
Child 4 ____/____/__ 
 
Child 5 ____/____/__ 
 
 
Is the mother pregnant now? 
 
Yes=1 
 
No=0 
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GENERAL HEALTH OF THE CHILD 
 
Compared to other children of this child’s age, would you 
say this child’s health is: 
 
Good=1 
 
Fair=2 
 
Poor=3 
 
 
 
IF POOR please explain 
 
_____________________________________________________ 
 
_____________________________________________________ 
 
_____________________________________________________ 
Does the child have Asthma? 
 
Yes=1 
 
No=0 
 
IF YES has the child had any professional advice or treatment? 
 
Yes=1 
 
No=0 
 
 
 IF YES please 
explain________________________________________ 
 
IF YES does he/she require inhalers, sprays or pumps? 
 
Yes=1 
 
No=0 
 
 
IF YES how many severe attacks requiring treatment (at clinic/ hospital / GP) 
has he/she had during the past year? 
 
__________________________________________________________ 
 
 
Has the child ever had a fit? 
 
Yes=1 
 
No=0 
 
 
IF YES how old was the child?_________years______________months 
 
IF YES is the child on any medication for the fits? 
 
Yes=1 
 
No=0 
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SERIOUS MEDICAL OR DEVELOPMENTAL PROBLEMS 
 
Does the child have, or has the child had any serious medical or developmental problems 
(physical or mental)or any injuries during the past year? 
 
 
Yes=1 
 
No=0 
IF YES  please list the 
a) problem  
b)   type of treatment 
            c) the place where the child is or has been treated 
 
 
Problem 1  (a)  
 
treatment   (b) 
 
place         (c) 
 
Problem 2 (a)  
 
treatment  (b) 
 
place        (c) 
 
Problem 3 (a)  
 
treatment  (b) 
 
place        (c) 
 
MEDICAL HISTORY OF HOUSEHOLD MEMBERS 
 
Biological mother:  
Has a doctor or nurse told you that you had or have: 
 
High blood pressure 
 
No=0 
 
Yes=1 
 
Don’t know=2 
Diabetes or sugar in the blood  
No=0 
 
Yes=1 
 
Don’t know=2 
Heart attack/angina  
No=0 
 
Yes=1 
 
Don’t know=2 
Stroke: muscle paralysis or sensory loss  
No=0 
 
Yes=1 
 
Don’t know=2 
High blood cholesterol (fats)  
No=0 
 
Yes=1 
 
Don’t know=2 
Osteoporosis / Bone fractures  
No=0 
 
Yes=1 
 
Don’t know=2 
Biological mother:  
Do you take medication prescribed by a doctor (pills or injections) for: 
 
High blood pressure 
 
No=0 
 
Yes=1 
 
Don’t know=2 
Diabetes or sugar in the blood  
No=0 
 
Yes=1 
 
Don’t know=2 
Heart disease  
No=0 
 
Yes=1 
 
Don’t know=2 
Osteoporosis / Bone fractures  
No=0 
 
Yes=1 
 
Don’t know=2 
Other (specify)  
No=0 
 
Yes=1 
 
Don’t know=2 
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Do you have a close relative (father, mother, brother, sister, grandparents or child) who has or 
had any of the following conditions? 
 
 
High blood pressure 
 
No=0 
 
Yes=1 
 
Don’t know=2 
 
Diabetes or sugar in the blood 
 
No=0 
 
Yes=1 
 
Don’t know=2 
 
Heart attack/angina 
 
No=0 
 
Yes=1 
 
Don’t know=2 
Stroke No=0 Yes=1 Don’t know=2 
 
High blood cholesterol (fats) 
 
No=0 
 
Yes=1 
 
Don’t know=2 
 
Osteoporosis / bone fracture 
 
No=0 
 
Yes=1 
 
Don’t know=2 
 
 
IF YES please state who the person is (relationship to the child) and whether they are on the mother’s or father’s 
side of the family. 
 
 
Condition 
 
Relationship to the child  
 
 
 
 
 
Maternal Family 
 
Paternal Family 
 
 
 
High blood pressure 
 
 
 
 
 
 
 
Diabetes or sugar in the blood 
 
 
 
 
 
 
 
Heart attack or angina 
 
 
 
 
 
 
 
Stroke 
 
 
 
 
 
 
 
High blood cholesterol (fats) 
 
 
 
 
 
 
 
Osteoporosis / bone fracture 
 
 
 
 
 
 
 
 
FOR GIRL CHILD’S MOTHER: MENSTRUATION 
 
Has your daughter started to mature sexually in terms of? 
 
a) breast development 
 
Yes=1 
 
No=2 
b) growth of pubic hair 
 
Yes=1 
 
No=2 
Has your daughter started menstruating?            
 
 
Yes=1 
 
No=0 
   
 
            IF YES at what age did she start menstruating?______mth / _____yr 
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